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A METHOD OF TITRATING PROTEOLYTIC ENZYMES 

By FREDERICK L. GATES 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

In 1927^ the author published a brief note on a method of enzyme 
titration, which was later somewhat modified and demonstrated at 
the 1928 meeting of the Federation of American Societies for Experi¬ 
mental Biology. Since it has not yet been found possible to elaborate 
the technique, with protocols, in a longer article, as had been hoped, 
it seems best to publish these suggestions now and so to make them 
generally available for adaptation to individual problems in enzyme 
research. 

The method is based on a reduction in the density of pieces of 
exposed photographic film by the release of silver through the pro¬ 
gressive proteolysis of the gelatin layer. The relative densities before 
and after exposure to the enzyme solution arc read against a sus¬ 
pension of the same gelatin-silver emulsion in a Duboseque type 
colorimeter, or by means of a photometer. 

The film: Eastman Commercial, 8" x 10*'; 2 to 6 in a pile, irradiated 
by Roentgen ray, 50,000 v., 10 m.a., 25" target distance, 2 min. ex¬ 
posure. (Small rectangles may be defined and numbered by lead 
strips and figures cemented to the cassette.) The exposed film is 
fully developed, fixed in plain hypo (no hardener), washed, dried, 
rewashed, dried again and cut into rectangles 2 x 2.5 cm. 

7"he cells: No. 14 (1.5 mm) copper wire coiled around a 1.3 cm 
rod is snipped off in nearly complete circles (0.5 cm opening), bent 
flat and sealed with paraffin on 1,5 x 2 cm glass slips, with the opening 
on a 2 cm side. Backs are glass slips 1.5 x 2 cm. Cell, film and back 
are clipped together with a spring clothes-pin. 

The colorimeter: A Klett, Bausch and Lomb or other Duboseque 
lype is used, with spring clips under the tube shelves to hold the film 
carriers. These carriers are double leaves of thin brass, lacquered 

1 Proc, Soc. Exp. Biol, and Med., 24; 936,1927. 
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flat black, with centered 1 cm holes, between which the film is slipped 
for insertion under the shelf in the light path. The suspension for 
comparison is made of gelatin-silver emulsion, dissolved off of two 
films in hot water. Glycerin is added to 50 per cent, to delay sedi¬ 
mentation. A completely cleared film is used in the carrier under 
this tube. Fifty per cent, glycerin solution fills the tube above the 
test films. Both tubes must be at the same level when readings are 
made. 

Method of use: Readings are made on each film before use, one 
film being reserved as a control. The others are each placed between 
a glass back and the copper ring of a cell, gelatin side to copper ring, 
and the whole held together with a spring clothes-pin. Enzyme solu¬ 
tion is filled into the cell with a capillary pipette, and the cell placed 
upside down, gelatin film surface forming the roof, at constant tem¬ 
perature for a carefully timed interval. (A separate film is used for 
each determination desired.) Then the clothes-pin is released, the 
film is rinsed quickly in cold water and dried rapidly, clipped by one 
corner, before a fan. Units should be started at not less than fifteen- 
second intervals to allow for this rinsing of the successive films. When 
dry the density of each film is again read against the gelatin-silver 
suspension. Any change in the density of this suspension is revealed 
by a recheck on the control film, and the other control readings are 
corrected accordingly. Results are chained in percentage of gelatin 
unaffected—the ratio of the final to the (corrected) control reading on 
each film. 100 minus this ratio, the percentage of gelatin affected) 

is proportional to the enzyme activity at the time and under the 
conditions of the test. 



[Reprinted from The Jootnal of General Physiology, September 20,1930, 
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A STUDY OF THE BACTERICIDAL ACTION OF ULTRA 
VIOLET LIGHT 

III. The Absorption of Ultra Violet Light by Bacteria 
By FREDERICK L. GATES 

{From the Laboratories of The Rockefeller Institute for Medical Research^ New York, 
and the Department of General Physiology, Harvard University, Cambridge) 

(Accepted for publication, June 10, 1930) 

In this study of the bactericidal action of ultra violet light the first 
paper (1) described the reaction of an 18 hour culture of Staphylococ¬ 
cus aureus to monochromatic radiations. It was shown that the course 
of the reaction among large numbers of organisms was approximately 
the same at each wave length studied but that widely different incident 
energies were required at different wave lengths to produce these 
similar effects. 

The second paper (2) discussed the limits of the bactericidal zone, 
showed that the reaction had a low temperature coefficient, (approxi¬ 
mately 1.1), gave evidence that within the variations of the methods 
used no significant errors were introduced by differences in the meas¬ 
ured intensity of the source or in the hydrogen ion concentration of 
the medium, and indicated that plane polarization of the incident 
light had no effect upon the reaction. 

The present paper deals with the absorption of ultra violet light 
by intact bacteria. A final paper in this series will discuss structural 
and chemical units of bacterial protoplasm that may prove to be in¬ 
volved in the reaction which results in the organism^s death. 

Incident Energy Relationships at Various Wave Lengths 

Text-fig. 1, reproduced from the first paper of this series, shows that 
although the course of the bactericidal reaction was approximately 
the same at each wave length studied, these similar curves were found 
at very different incident energy levels at different points in the ultra 
violet spectrum. 
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Text-Fig. 1. Incident energies required for bactericidal action at various wave lengths in the ultra violet spectrum 
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For example, if the incident energy required to kill half the exposed 
staphylococci be taken as an index, this energy requirement ranged 
from 3,150 ergs per mm.^ at 302 m./z, a wave length near the limit of 
bactericidal action, to 88 ergs at 266 m.ju. At other wave lengths, 
either above or below 266 m./i, more incident energy was required. 
The destruction of 50 per cent of the microorganisms is chosen as the 
index because it is in the most accurately determined part of the curves 
where the mortality rate is least affected by variations in individual 
resistance. 

If the incident energies involved in 50 per cent destruction be plotted 
and joined by a continuous line the resulting curve appears as in Text- 
fig. 2 A. Parallel experiments on an 18 hour culture of Bacillus coli gave 
bactericidal energy curves similar in trend to those for 5. aureus^ and 
although complete statistics were not obtained on this bacterium the 
middle or exponential portion of the lethal reaction curves was deter¬ 
mined by repeated observations at each wave length studied. Text- 
fig. 3A shows the incident energies involved in the destruction of 50 
per cent of the exposed coli organisms. Its essential similarity to the 
corresponding aureus curve is apparent. Both curves would probably 
be somewhat modified in detail if more wave lengths were available for 
study. 

These characteristic curves (Text-figs. 2A and 3A) show clearly that 
less incident energy is required between 260 and 270 m./z than in any 
other region of the bactericidal zone examined, and point toward a 
second minimum below 230 m./x. The presence of a sharp peak in the 
energy requirement near 240 m.ju appears to be equally significant. 
Due apparently to the use of but a few wave lengths in the bactericidal 
zone, or to failure to measure spectral intensities, or to crude methods 
of estimating bacterial destruction, the occurrence of a minimum at 
about 266 m./x, and of the peak in the curve near 240 m.ju has been 
overlooked by most investigators. Usually they have been content 
with the conclusion that the shorter the wave length the more marked 
the bactericidal action (3). 

Bang (4) was apparently the first to observe regions of special bactericidal 
“effectiveness” or of corresponding bacterial susceptibility. Using a 30 ampere 
carbon arc through a spectrograph at 20 m.pi intervals, and estimating bactericidal 
efficiency mainly by relative exposure, he found two regions of maximal action, an 
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“inner maximum** between 340 and 360 m./x, and an “outer maximum** between 
240 and 260 m.M. The lethal exposure varied from 1920 seconds at 330 to 300 
m.ju through 120 seconds at 300 to 280 m./u to 4 seconds at 280 to 260 m.M and 2 
seconds at 260 to 240 m.ju. Then longer exposures were required. The zone from 
240 to 220 m./Lt needed 20 seconds, that between 220 and 210 m.M, 30 seconds, and 
that between 210 and 200 m./x required 120 seconds exposure to kill the organisms. 



Text-Fig. 2. A. Curve of incident energies involved in the destruction of 50 
per cent of S. aureus. 

B. Curve of the reciprocals of 2A. 

These longer exposures at short wave lengths were evidently due to the rapid 
decrease in intensity of the source employed. Mme. Henri (3) thought that both 
of Bang’s maxima should be ascribed to variations in intensity of his carbon arc. 

Newcomer (5) exposed B. typhosus in quartz capillary tubes to narrow bands of 
the iron arc spectrum and counted surviving bacteria plated in agar, after exposures 
of 5 or 10 minutes. His figures, like Bang’s, indicate a region of maximum effect 
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between 254 and 268 m.ja, but his iron arc varied so much in spectral intensity 
that he did not find any significance in this peak of effectiveness. He concluded 
that “equal intensities produce equal effects in the regions 2100-2800. If there is 
a maximum in this region it is at most only slight and would be in the neighborhood 
of 2600.’’ 

When Mashimo (6) varied the exposure of bacteria in a spectrograph from 15 
seconds to 80 minutes he found the first evidence of bactericidal action at 275 m./i. 



Text-Fig. 3. A. Curve of incident energies involved in the destruction of 50 
per cent of B. coli. 

B. Curveof the reciprocals of 3 A. 


With somewhat longer exposures the zone widened rapidly so that with a 3 minute 
exposure it extended from below 210 to above 280 m./x. The marked action at 
275 m.jLi was evidently due to a relatively high intensity of his source at this wave 
length, as an examination of his published photograph shows. 

Thus variations in spectral intensity, with no adequate methods of measurement 
or control,made it difficult to interpret the maxima found by Bang, Newcomer, and 
Mashimo, and these authors laid no stress upon them. 
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In the present study the measurement of the monochromatic radiant 
energy in absolute units focuses attention upon the marked differences 
in the incident energies required at different wave lengths to kill 5. 
aureus and B. coli. The shape of the energy curves for 50 per cent 
destruction immediately suggests that it is the specific absorption of the 
ultra violet radiations that gives the curves significance. This relation 
of incident energy to its specific absorption is made the more striking 
by plotting the reciprocals of these energies (Text-figs. 2B and 3B), 
by which graphs not unlike absorption curves, with maxima at 266 and 
beyond 230 m./z are produced. 

As a first step in the further analysis of the bactericidal reaction it is 
obviously necessary to compare these curves with those for the absorp¬ 
tion of ultra violet energy by the corresponding bacteria. 

The Absorption of Ultra Violet Light by Bacteria 

Apparently studies of the absorption spectra of bacteria have been 
confined hitherto to bacteria in suspension in a fluid medium (7, 
8). Suspensions in liquids are unsuitable for such examinations. 
Reflection and refraction from the bacterial bodies, with consequent 
scattering of light so that bacterial suspensions are opaque even in the 
visible region of the spectrum, and the difficulty of estimating the num¬ 
ber of organisms traversed, frustrate any attempt to obtain results of 
quantitative significance. 

But a loopful of bacteria may be taken en masse from the surface 
of an ^gar slant and pressed between quartz plates into a layer so thin 
that is is all but colorless in visible light, and so transparent that 
objects may be seen through it clearly and without distortion. The 
bacteria are in optical contact and form a homogeneous medium for 
the transmission of visible or ultra violet light. Such a film is com¬ 
posed almost entirely of bacterial cells and the immediate products of 
their metabolism. Tests show that films of like thickness of the agar 
medium from which the bacteria were removed absorb no significant 
amounts of ultra violet light. 

Such a film of bacteria may be set up in one optical path of a quartz 
photometer, with similar plates of quartz and a drop of glycerol in the 
other path as a control, and the absorption coefficient of the organisms 
readily obtained in the manner commonly employed for chemical solu¬ 
tions (9). 
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Two beams of light from the same source, which have passed through the speci¬ 
men under examination or its control in the photometer, are spread by a quartz 
spectrograph into parallel spectra in the plane of a photographic plate. The 
energy that traverses the control path is subject to quantitative variation by 
means of a sector shutter, and with the shutter set at predetermined openings 
a series of photographs is made. Then the point, or points, of equal blackening 
in each pair of spectral photographs indicate the wave lengths at which the test 
specimen and the sector shutter in the control path have reduced the original 
intensity of the light to the same degree.* 

In such experiments it is necessary to know accurately the depth of 
the medium traversed in order to calculate the coefficients of absorp¬ 
tion for a layer of unit thickness. The standard or unit of thickness in 
these observations was chosen as 0.8 /x, the average diameter of S, 
aureus (10), so that the coefficients of absorption were obtained for a 
single layer of bacteria. The shape of B. coli and its wide variations 
in size precluded even so crude an estimate of a “single layer,” so the 
coefficients for B. coli were figured arbitrarily for a layer of the same 
thickness (0.8 p) to permit a comparison with the results for S. aureus. 

The thickness of these films of bacteria between quartz plates was 
found to lie between S and IS ju. Since the method of measurement 
employed (11) is easy, and is accurate (in microns) to the second or 
third decimal place it may be described in brief. The method is 
based on interferometry, namely, the measurement of the interference 
bands formed by the coincident spectra of white light reflected into a 
wavelength spectroscope from the two quartz surfaces enclosing the 
bacterial film. 

A point source of white light (carbon arc, concentrated tungsten filament, or 
even a flashlight bulb with the filament vertical), is set up at a measured angle of 
incidence (60°) to the film specimen, so that its light is reflected from the back 
surface of the first quartz plate and from the front surface of the second (the 
surfaces enclosing the film), into a wavelength spectroscope. The reflecting sur¬ 
faces must be chosen near the bacterial film, but not to include it, since adequate 
reflection occurs only when air is the medium between the two plates. With a 
proper set-up, and films of suitable thickness a series of vertical interference bands 
will cut across the spectrum. 


* Measurements of absorption by such films made in 1923 with thermocouple 
and galvanometer {Proc. Soc. Exp. Biol, and Med.y 1923,21, 61), were evidently 
not as accurate as those obtained by the present method and have been discarded. 
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Then the distance (/) between the two plates (the thickness of the included 
film) is found by noting the wave lengths (Xi and X 2 ) between which any convenient 
number (») of interference bands is counted for substitution in the following 
equation: 

2 cos r (Xi — X 2 ) 

/i is the refractive index of the medium, and r is the angle of incidence and reflection. 
Since air is the medium = 1, and with r at 60° cos r = 0.5 so that the equation 
becomes 

“ (Xi - X 2 ) 

For example, with the apparatus set up as described 5 interference bands are 
counted between Xi = 7241A u. and X 2 = 4638 A u. It is only necessary to multi¬ 
ply these waves lengths together, divide by their difference, and multiply the result 
by 5 to determine that the distance between the plates in the area examined is 
6.45 /i or 0.00645 mm. 

In these experiments the films of bacteria, pressed out by hand, 
were not strictly plane parallel, but often thicker at one edge than 
at the opposite one, so four readings were taken at 90° intervals around 
the rim of each film and combined for an average thickness. The dif¬ 
ferences in thickness in the small central area exposed in the photom¬ 
eter were not so great as to make it desirable to obtain a mean expo¬ 
nentially according to Lambert's law. For example: 

Film 1. B. colu 90° readings at edge of film: 5.58, 6.17, 5.63, and 5.66 m. 
Average 5.76/i. 

Film 2. S,aureus. 90°readings at edge of film: 9.21,11.66,11.24,and 10.53 M. 
Average 10.66 m. 

Given the average thickness of each film, the number of layers (n) 
of bacteria it contained was then available for the determination of the 
coefficients of absorption for a layer 0.8 ju thick. For this purpose the 
familiar equation of Lambert's law was used, to which Wood (11) 
says that no exception has ever been found that was not attributable to 
experimental error. Thus if a is the fraction of the original intensity 
{lo) transmitted by each unit layer, the intensity (/<) observed after 
passage through n layers is given by the equation: 


1 . 
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The relation of /< to h is chosen at appropriate intervals on the 
sector shutter of the quartz photometer, as described above, and this 
equation solved for a gives the coefficient of transmission at the 
wave length where the two spectra match. Then 1-a is the corre¬ 
sponding coefficient of absorption for a single layer of bacteria 0.8 n 
thick. 

The mean absorption curve from five series of determinations with 
S. aureus is given in Text-fig. 4, and from five series with B. coli in 
Text-fig. 5. The curves are characteristic, and similar to those found 
for various biological tissues and fluids containing proteins or protein 
derivatives (12,13,14) on which their main features evidently depend. 
Differences in the curves for the two organisms are apparent, but in 
view of the experimental errors involved in such determinations they 
probably should not be stressed. 

The general similarity of these absorption curves to the reciprocals 
of the curves for bactericidal incident energy is obvious. All four 
curves rise rapidly from low levels beyond 300 m./i to a maximum 
between 260 and 270 m./i, then drop to a minimum near 240 m.ju and 
rise again toward a limit beyond the range of experimental observation. 
One is tempted to correct the incident energies involved in the bacteri¬ 
cidal reaction by these absorption coefficients for the entire organisms 
in order to obtain an approximation of the total energies absorbed. 
Yet the two sets of curves show important points of difference also, 
especially in the location of the dip near 240 m./z, and a closer consider¬ 
ation of their relationship indicates that such a quantitative cor¬ 
rection would be futile. The sum of the absorption coefficients of all 
the chemical entities in the bacterial cell cannot be expected exactly to 
correct the wide differences found in the bactericidal incident energies 
at different wave lengths unless every chemical group is involved 
in the bactericidal reaction in exact proportion to its contribution to 
total absorption. Such a hypothesis is hardly tenable. It seems 
more probable that it is the effect of ultra violet energy on a single 
vital and sensitive structural or chemical unit that results in subse¬ 
quent failure in cell multiplication. Rahn (15) has recently figured 
from the curves of abiotic reactions among large numbers of single cell 
organisms that death of the cell probably involves only a single chemi¬ 
cal entity. As Coblentz and Fulton (16) have suggested, it is to be 
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presumed that only a small fraction of the total absorbed energy first 
affects such an essential structure, and so leads to the death of the cell. 
Neither the reciprocals of the energy curves, which are undoubtedly 
modified by the absorption of light by elements not involved in the 



Text-Fig. 4. The coefficients of 'absorption of ultra violet light by a layer of 
S, aureus 0.8 n thick. 

bactericidal reaction, nor the curves for total absorption give an ac¬ 
curate picture of the absorption curve of this vital substance, whatever 
it may be. Yet their similarities and their differences are alike useful 
in the further search for such an essential and sensitive element in the 
cell’s structure and economy. 
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Thus it may be predicted that there are a number of chemical entities 
or aggregates in the living cell which have rather similar coefficients of 
ultra violet absorption, and that the sum of these similar absorption 
curves largely determines the shape of the curve for the entire cell. 



Text-Fig. 5. The coefficients of absorption of ultra violet light by a layer of 
B. coli 0.8 M thick. 

Among these substances will be found the one essential element first 
affected by ultra violet light in the bactericidal reaction, and its absorp¬ 
tion curve will be similar to, though not identical with, the reciprocal 
of the lethal energy curve. Finally it seems improbable that this 
sensitive substance is uniformly distributed throughout the cell’s pro- 
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toplasm. An examination of the evidence for its concentration in the 
cell nucleus, and the further search for evidence of its chemical charac¬ 
ter are reserved for the final paper of this series. 

SUMMARY 

The simple conclusion of former investigators that the shorter 
the wave length of ultra violet light the greater the bactericidal action 
is in error. A study with measured monochromatic energy reveals 
a characteristic curve of bactericidal effectiveness with a striking 
maximum between 260 and 270 m./x. The reciprocal of this abiotic 
energy curve suggests its close relation to specific light absorption by 
some single essential substance in the cell. 

Methods are described for determining the absorption curve, or 
absorption coefficients, of intact bacteria. These curves for 5. 
aureus and B. coli have important points of similarity and of differ¬ 
ence with the reciprocals of the curves of bactericidal incident energy, 
and point the way in a further search for the specific substance, or 
substances, involved in the lethal reaction. 
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In preceding papers (1, 2) it has been shown to be possible to induce 
anaphylaxis in guinea pigs by injecting azoproteins, namely, horse 
serum coupled with diazotized ^-arsanilic acid. Animals treated in 
this way become sensitive to azoproteins containing the same azocom¬ 
ponent but another sort of protein; thus the reactions obviously depend 
upon the arsanilic acid group. 

These results have been confirmed by Meyer and Alexander (3) 
who used also the method of passive sensitization, and by Klopstock 
and Selter (4). Some of the observations of these workers will be 
discussed later. Another investigation on the subject has been made 
recently by Tillett, Avery and Goebel (5). These authors employed 
as antigens azoproteins prepared by combining globulin or albumin 
with diazotized glucosides. 

The present study was undertaken with the purpose of investigating 
the specificity of the anaphylactic reactions and of gaining further 
information on the inhibition phenomenon produced by simple 
chemical substances (2). In order to test the specificity of anaphy¬ 
laxis to azoproteins, antigens were selected which differed only in the 
steric configuration of the specifically reacting groups. The fact that 
antigens containing sterically isomeric groups are serologically differ¬ 
ent has already been shown by means of the precipitin reaction by 
Landsteiner and van der Scheer (6,7) for /- and c/-phenyl (^-aminoben- 
zoylamino) acetic acids and rf-, and w-tartaric acids. Similar 
results were obtained by Avery and Goebel (8,9) who used as antigens 
glucosides containing glucose or galactose. 

15 
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EXPERIMENTAL 

Specificity of the Anaphylactic Reaction .—For the following experi¬ 
ments antigens were used containing the radicals of the d- and /- 
tartaric acids. These were prepared by coupling horse serum with 
d- and /-/>-aminotartranilic acid in the manner previously described 

(7). 

For the sensitization guinea pigs were injected intrapcritoneally three times at 
weekly intervals with a suspension of 1 cc. of the antigens containing about 5 per 
cent protein. The animals weighed 210 to 250 gm.; the injections were well 
tolerated. 

The solutions used for the reinjection were prepared in the same manner as the 
sensitizing antigens except that chicken serum was employed instead of horse serum 
and that after precipitation with acid, the azoproteins, without treatment with 
alcohol, were brought in solution with the aid of sodium carbonate; the solutions 
were made isotonic and adjusted to litmus neutrality. The stock solutions of the 
antigen were brought to a protein content of 3.5 per cent. The test injections were 
made intravenously 3 weeks after the last administration of the sensitizing dose, 
with 1 cc. of various dilutions or a larger volume of the concentrated antigen. 
At the time of the test the weight of the animals was about 400 gm. The results 
of an experiment in which the specificity of the reaction was tested are given in 
Table I. 

From Table I it is seen that, with one possible exception, the sensi¬ 
tization succeeded regularly; one animal showed only slight symptoms. 
The quantity sufficient for inducing shock was as low as 0.35 to 0.7 
mg. The symptoms were in all cases typical of anaphylactic shock, 
and in the animals which died, the lungs were distended and the heart 
was beating. The reactions were strikingly specific since an injection 
of about 50 to 100 minimal lethal doses was innocuous for the animals 
sensitized to the heterologous antigen, apart from a drop in tempera¬ 
ture which generally did not exceed 1°. In this respect the results are 
in full agreement with those reported by Tillett, Avery, and Goebel 
(5). 

A further proof of the specificity of the reactions was furnished by 
reinjecting, on the following day, some of the animals which had 
received a dose of the heterologous antigen without showing s)nnptoms 
of anaphylactic shock. Such animals, with one exception, reacted to 
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a subsequent injection of the same quantity of the homologous antigen, 
although there was evidence of some protection (Table II). 

TABLE i^ 


Animals Sensitized with d-Anti gen 


Tested with rf-antigen 

Tested with /-antigen 

Guinea 
pig No. 

Quantity 
of azo* 
protein 
injected in 
mg. 

Subsequent 
change in 
body tem¬ 
perature 

Result, 

symptoms 

Guinea 
pig No. 

Quantity 
of azo¬ 
protein 
injected in 
mg. 

Subse¬ 
quent 
change in 
body tem¬ 
perature 

Result, 

symptoms 



“C. 




•c. 


1 

70 


14 min. 

14 

70 

-0.7 

Negative 

2 

35 


t3 “ 

15 

70 

-0.4 

if 

3 

35 

-4.3 

Severe 

16 

35 

-1.5 

Slight 

4 

35 


t 3 min. 

17 

35 

-0.7 

Negative 

S 

35 


t3 “ 

18 

17.5 

-0.4 

it 

6 

35 


t3 ‘‘ 

19 

8.8 

-0.9 

t4 

7 

35 


t5 « 

20 

0.7 

+0.9 

f( 

8 

17.5 

-3.3 

Severe 





9 

17.5 


14 min. 





10 

8.8 


t3 “ 





11 

l.S 


t4 “ 



i 


12 

0.7 

-2.3 

Very severe 





13 

0.35 

-0.6 

Moderate 






Animals Sensitized with U Anti gen 


Tested with d-antigen | 

Tested with /-antigen 

Guinea 
pig No. 

Quantity 
of azo¬ 
protein 
injected in 
mg. 

Subsequent 
change in 
body tem¬ 
perature 

Result, 

symptoms 

Guinea 
pig No. 

Quantity 
of azo¬ 
protein 
injected in 
mg. 

Subse¬ 
quent 
(hangein 
body tem¬ 
perature 

Result, 

symptoms 



•c. 




•c. 


21 

70 

+1.0 

Negative 

26 

70 


t 4 min. 

22 

35 

-1.1 

i( 

27 

35 

-2.8 

Slight 

23 

8.8 

-1.9 

ti 

28 

35 


t 3 min. 

24 

3.0 

-0.5 

u 

29 

8.8 


T ^ 

25 

^0.7 

-0.6 

“ i 

30 

3.0 


t5 « 




1 

( 

31 

0.7 


ts « 




1 

1 

32 

0.35 

-2.4 

Severe 




! 

33 

0.18 

-1.3 

Slight 


^ The designations correspond to those in the previous paper (7). 
t Death of animal. 
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Guinea pigs which were sensitized with only one injection of 1 cc. 
of the antigen showed the same degree of sensitivity as those in the 


TABLE II 

Reinjection Experiments 


Animals Sensitized with d-Antigen 



Quantity of 

Result, 

symptoms 

Quantity of 

Subsequent 

Result, 

symptoms 

Guinea pig No. 

/-antigen 
injected in mg. 

(/-antigen 
injected in mg. 

change in body 
temperature 

17 

35 

Negative 


•c. 

-1.8 

Negative 

18 

17.5 

it 



t 5 min. 

19 

8.8 

it 


-2.5 

Severe 

20 

0.7 

it 

0.7 


18 min. 


Animals Sensitized with U Anti gen 


Guinea pig No. 

Quantity of 
(/-antigen 
injected in mg. 

Result, 

symptoms 

Quantity of 
/-antigen 
injected in mg. 

Subsequent 
change in body 
temperature 

Result, 

symptoms 

21 

70 

Negative 

70 

"C. 

t 8 min. 

22 

35 

« 

35 


t over night 

24 

3 

u 

3 

-2.2 

Severe 

25 

0,7 

u 

0.7 


t 5 min. 


TABLE III 


Guinea pigs weighing 200 to 220 gm. were given one intraperitoneal injection of 
dl-antigen: reinjection with shocking antigen at the end of 23 days when the 
animal weighed about 300 gm. 


Guinea pig No. 

Quantity of d-antigen 
injected in mg. 

1 Subsequent change in 
body temperature 

Result, symptoms 

34 

3 

"C. 

t 3 min. 

35 

0.7 


t4 « 

36 

0.7 


t5 “ 

37 

1 

0.35 

o 

1 

Moderate to severe 


experiment reported in Table I since they also succumbed to a shocking 
dose of 0.7 mg. An example is given in Table III. 
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The above experiments furnished hardly any evidence of the inhibi¬ 
tion of the anaphylactic reaction by the administration of large doses 
of the shocking antigen, which was observed by Klopstock and 
Selter (4). However there was some indication of the zone phenom¬ 
enon in experiments (Table IV) in which animals were sensitized with 
an antigen made by coupling beef serum with diazotized arsanilic 
acid as was done by Klopstock and Selter. 

It is seen from Table IV that only one of three animals was killed 

TABLE IV 

Eleven guinea pigs were sensitized by one subcutaneous injection of atoxyl beef 
antigen (1 cc. = 16.6 mg.) which was purified by means of acid and alcohol; the 
reinjection with atoxyl chicken antigen prepared in the same manner as the beef 
antigen was made 16 days after the sensitization. The reinjection was made intra¬ 
venously in a volume of 1 cc. 


Guinea pig No. 

Quantity of chicken 
antigen injected in mg. 

Subsequent change in 
body temperature 

Result, symptoms 

38 

6 

•c. 

-6.2 

Very sick 

39 

6 

-1.1 

Negative 

40 

6 


t 5 min. 

41 

1.5 

-1.8 

Slight to moderate 

42 

1.5 


f 4 min. 

43 

1.5 


t7 “ 

44 

1.5 

1 

t7 “ 

45 

1.5 


t6 " 

46 

0.5 

-1.3 

Slight to moderate 

47 

0.5 


t 5 min. 

48 

0.5 


t6 “ 


by the largest dose employed while four out of five succumbed to a 
dose four times smaller. 

SensUizaiion with Antigens Prepared According to the Method of 
Klopstock and Selter. —^Whilst in the first experiments on anaphylaxis 
to azoproteins, the antigens used for sensitization were isolated after 
coupling in alkaline solution by precipitation with acid, Klopstock and 
Selter sensitized guinea pigs by injecting guinea pig serum to which 
they added neutralized diazosolutions. The reinjections were made 
with azoproteins prepared from guinea pig serum according to the older 
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method. In the experiment to be described (Table V) the procedure 
of Klopstock and Selter was followed. 

The results as judged from the reinjection with the chicken serum 
preparation confirmed in a general way those of Klopstock and Selter 
except that the sensitization did not succeed regularly. They differed 
in that most of the animals tested did not react to the guinea pig serum 


TABLE V 

Eighteen guinea pigs were sensitized by a subcutaneous injection of 1 cc. of a 
solution made by adding two volumes of 1 per cent neutralized solution of diazo- 
tized />-arsanilic acid to one volume of fresh guinea pig serum (4). The solution 
stood overnight in the ice box before injections were made. The reinjections were 
made after an interval of 33 days. 


Reinjection with chicken ^-arsanilic acid antigen 
(1 cc. ■■ 18.6 mg. protein) 

Reinjection with guinea pig ^-arsanilic acid antigen 
(1 cc. ■■ 23.8 mg. protein) 

Guinea pig 
No. 

Quantity 
of antigen 
in mg. 

Subsequent 
change in 
body tem¬ 
perature 

Result, 

symptoms 

Guinea 
pig No. 

Quantity 
of antigen 
in mg. 

Subsequent 
change in 
body tem¬ 
perature 

Result, sjrmptoms 



•c. 




•c. 


49 

9.0 


t 4 min. 

59 

12 

-1.2 

Negative 

50 

9.0 

-1.3 

Slight 

60 

12 

-0.4 

it 

51 

5,0 


t 3 min. 

61 

5 

-1.5 

Slight to mod- 








erate 

52 

5.0 


t20 “ 

62 

5 


t 4 min. 

53 

5.0 

-0.3 

Negative 

63 

5 

-0.2 

Negative 

54 

5.0 


120 min. 





55 

5.0 

-1.0 

Negative 





56 

1.5 

-0.3 

u 

64 

1.5 

-0.6 

tt 

57' 

1.5 


t 6 min. 

65 

1.5 

-1.8 

tt 

\ 

58 

1.5 

-0.8 

Negative 

66 

1.5 

-0.6 

ft 


preparation. No attempt was made to inquire into the cause of this 
discrepancy. 

From their observations Klopstock and Selter conclude that for the 
sensitization and the production of antibodies, as well as for the 
reactions in vitro, it is not necessary to have a chemical combination 
of the azocomponents with protein but that it suffices to use simple 
‘‘mixtures” of diazocompounds and protein. They stress the view 
that the diazocompounds would, by themselves, act as antigens and 
the proteins only enhance the antigenic activity which is inherent in 
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the simple substances (4, 10, 11). However, as has been shown by 
Heidelberger and Kendall (12) and one of the present writers (13), 
there undoubtedly takes place a combination of the diazocompounds 
with proteins also in neutral solution under the conditions of the 
method of Klopstock and Selter. Consequently their procedure does 
not involve a new principle but must be looked upon as a modification 
of the older method of preparing azoproteins. It is true that in a foot¬ 
note to their last publication^ the authors make a statement which 
may be interpreted as an admission that they dealt not with mixtures 
but with chemical combinations. As for those instances in which 
Klopstock and Selter succeeded in sensitizing with diazocompounds 
alone, it can be assumed that these substances combined with the 
proteins of the animal injected, so that in this case also the immuniza¬ 
tion is probably attributable to an azoprotein. Indeed it has been 
shown that animals can be immunized by azoproteins the protein part 
of which is derived from their own species (14). 

The phenomenon observed by Klopstock and Selter, that guinea 
pigs sensitized with diazosolutions alone exhibit skin reactions on 
intradermal injections of the same diazocompound, may be due to a 
special mechanism if further study should show that the skin reactions 
can be induced in this way only and not by sensitization with azopro¬ 
teins. One may suppose either that the chemical combinations formed 
in the body on the injection of diazosolutions are different from those 
prepared in vitro or that the sensitization is brought about by the di¬ 
rect action on tissues (skin) by the diazocompound as such. Even in 
the latter case, because of the ease with which diazosolutions combine 
with proteins it would not be justifiable to draw conclusions, from the 
experiments discussed, upon the possibility of sensitization with simple 
chemical substances in general, particularly those which do not readily 
form compounds with proteins. 

Inhibition of Anaphylactic Shock by Simple Substances .—In the 
experiments of Landsteiner (2) a peculiar phenomenon was noticed, 
i.e. shock could be prevented by injecting sensitized animals with 
simple azocompounds containing the same specific group as the 
sensitizing antigen. The substances used were compounds prepared 


^ See (4), page 465. 
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by coupling diazotized arsanilic acid with tyrosine or ;^-oxybenzoic 
acid. Analogous results were described by Klopstock and Selter (4) 
with the sodium salts of /^-arsanilic acid (atoxyl) and w-aminobenzen- 
sulfonic acid. K. Meyer did not succeed in obtaining antianaphylaxis 
by injecting atoxyl into animals sensitized to azoproteins prepared 
from ^-arsanilic acid. 

Similar experiments were carried out by Tillett, Avery, and Goebel 
(5) with guinea pigs sensitized to azoproteins containing glucosides. 
When these animals were injected with uncombined glucoside imme¬ 
diately prior to the administration of the antigen, shock could be pre¬ 
vented. If, however, the shocking injection was given 2 hours later 
protection was no longer demonstrable. Consequently the authors 
raise the question as to the mechanism of this inhibitory effect which, 
indeed, can hardly be looked upon as a desensitization on account of 
its transitory nature. 

Our present experiments were carried out with a series of animals 
sensitized with antigens prepared from d- and /-/>-aminotartranilic 
acid and another series sensitized to azoproteins prepared from p- 
arsanilic acid. 

Guinea pigs weighing 200 to 250 gm. were sensitized as in the previous experi¬ 
ment (see Table I) and were tested 3 weeks after the last injection. At various 
intervals before the administration of the shocking homologous antigen the animals 
were injected with solutions of an azocompound made by coupling resorcinol with 
diazotized rf- and /-^-aminotartranilic acids. The products are designated as 
</-T.R. and/-T.R., respectively. 

These substances were prepared as follows: 480 mg. d- or /-^-aminotartranilic 
acid were diazotized in the usual way (7, page 410) and coupled with 110 mg. 
resorcinol. The dye formed was precipitated with the aid of dilute hydrochloric 
acid, the precipitate washed in acidulated water and dried. 

A1 per cent solution of the dye was made in a 0.9 per cent salt solution by adding 
dilute sodium hydroxide, and the solution was adjusted to neutrality or faint 
alkalinity. 1 cc. of various dilutions was injected intravenously. The shocking 
antigen was injected in a quantity of 7 mg. (1 cc. of a 0.7 per cent dilution) which 
corresponds to 5 to 10 minimal lethal doses (see Table I). At the time of the tests 
the weight of the guinea pigs was about 400 gm. 

The experiments (Table VI) demonstrate that with one exception in 
which the animal showed severe anaphylactic symptoms, the guinea 
pigs previously injected with the heterologous azodye died in typical 
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TABLE VI 

Inhibition by the Injection of Azodyes 
Animals Sensitized with d^Antigen 


Guinea 
pig No. 

d-r.R, 

mg. 

Interval 
between 
injec¬ 
tions in 
hours 

Result and 
symptoms 
after injection 
of (f-antigen 

Subse¬ 
quent 
change 
in body 
tempera¬ 
ture 

67 

10 

1 

Weakness 

•c. 

-4.5 

68 

10 

18 

Cough, 

-1.1 

69 

10 

18 

slight 

weakness 

Dyspnea 

-1.2 

70 

5 

li 

spasms 

Weakness 

-0.2 

71 

5 

2 

Negative 

+0.7 

72 

5 

2i 

Slight 

-0.7 

73 

5 

2i 

Negative 

-0.3 

74 

5 

24 

Cough 

-4.0 

75 

75 

2.5 

1 

Weakness 

Somewhat 

-1.3 

76 

1 

2.5 

2 

sick, weak¬ 
ness 

Negative 

+0.6 


Guinea 

pig 

No. 

/-T.R. 

mg. 

Interval 
between 
injec¬ 
tions in 
hours 

Result and 
symptoms 
alter 

injection of 
d-antigen 

Subse¬ 
quent 
chanM 
in body 
tempera¬ 
ture 

77 

10 

1 

t 4 min. 

•c. 

78 

10 

18 

t4 “ 


79 

5 

1 

t4 “ 


80 

5 

2§ 

t4 “ 


81 

5 

24 

t5 ‘‘ 


82 

5 

34 

t4 « 


83 

5 

24 

ts « 


84 

2.5 

1 

15 “ 


85 

2.5 

24 

Few con¬ 

-3.6 




vulsions, 
very sick 



Animals Sensitized with I-Antigen 


Guinea 
pig No. 

J-T.R. 

mg. 

Interval 

between 

injections 

in 

hours 

Result and 
symptoms 
alter 

injection of 
f-antigen 

Guinea 
pig No. 

/-T.R. 

mg. 

Interval 

between 

injections 

in 

hours 

Result and 
symptoms after 
injection 
of /-antigen 

Subsequent 
change 
in tem¬ 
perature 









•c. ^ 

86 

10 

16 

1 4 min. 

96 

10 

16 

Slight, weak 

-2.8 

87 

5 

2i 

t4 « 

97 

10 

16 

Negative 

-1.0 

88 

5 

3 

t4 “ 

98 

5 

2i 

Negative 

-0.2 

89 

5 

3 

t4 « 

99 

5 

3 

t 5 min. 


90 

5 

3 

t5 “ 

100 

5 

3 

Somewhat 


91 

5 

3 

t2 « 




weak 


92 

5 

3 

t5 ‘‘ 

101 

5 

3 

Weakness 

-1.9 

93 

5 

3 

14 

102 

5 

3 

Slight, weak 

-0.5 

94 

5 

34 

14 « 

103 

5 

3 

Weak 

-1.8 

95 

5 

4 

t6 « 

104 

5 

3 

Negative 

-0.4 





105 

5 

34 

Slight, weak 

-1.6 





106 

5 

34 

Slight, weak 

-1.6 
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acute shock, whilst all animals but one, injected with quantities of 2.5 
to 10 mg. of the homologous dye, survived. The surviving animals 
exhibited but rarely typical anaphylactic symptoms as spasms or 
cough, although many appeared sick. With higher doses of the dye 
the protection was still evident even when the injection of the antigen 
was made the following day. 

Another batch of animals was sensitized passively by injecting 
a potent precipitating immune serum produced in a rabbit by immuni¬ 
zation with azoprotein made from horse serum and diazotized p- 
arsanilic acid.* On injecting intraperitoneally guinea pigs weighing 
about 300 gm. with 0.3 cc. of this immune serum, the animals proved to 
be sensitive to an azoprotein prepared from diazotized /^-arsanilic acid 
and chicken serum. The minimal lethal dose was regularly found to 
be 0.5 mg. In the tests presented in Table VII the animals were 
passively sensitized with 0.3 cc. of the immune serum. The substance 
tested for inhibition was a product of coupling diazotized /^-arsanilic 
acid and tyrosine (2). This was injected intravenously in a volume of 
0.5 cc. at stated intervals prior to the administration of the antigen or 
in a mixture with antigen (indicated as ^^0’^ in Table VII). The 
antigen was employed in a quantity corresponding to two minimal 
lethal doses. 

From Table VII it is seen that the animals were protected from 
lethal shock by quantities of 2.5 to 1.25 mg. of the dye regardless 
of the time interval between the two injections. These animals 
showed either no symptoms or became somewhat weak. In two 
animals only were slight convulsions or coughing observed. With 
0.6 and 0.3 mg. of the dye the results were irregular but again the 
outcome appeared not to depend on the time elapsed after the injec¬ 
tion. A still smaller dose (0.15 mg.) failed to prevent shock also when 
the dye was injected simultaneously with the antigen. 

A few experiments with solutions of sodium p-arsanilate seemed to indicate that 
also this substance has an inhibitory effect upon the anaphylactic reaction but 
considerably larger quantities were used than of the azosubstance. 

The protection described can be explained in two ways, either by 
assuming that this effect is similar to the inhibition of the precipitin 

* For the method see (15). 
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reaction in vitro by simple substances containing the specific group 
(16), or that the mechanism is analogous to the well known desensitiza- 

TABLE VII 

Inhibition by the Injection of Azodye 


Animals passively sensitized with 0.3 cc. immune serum; the next day injection 
of the compound of />-arsanilic acid and tyrosin, followed by the administration of 
1 mg. of the shocking antigen. 


Guinea 
pig No. 

Atoxyl- 
tyroaine in 
mg. 

Interval 
between 
injection of 
dye 

and antigen 
in hours 

Shocking 

antigen 

Result and symptoms after injection 
of shocking antigen 

Subsequent 
change in 
body tem¬ 
perature 







•c. 

107 

2.5 

3 

1 

mg. 

Somewhat weak 

-1.6 

108 

2.5 

18 

1 

t( 

Few coughs, somewhat weak 

-1.6 

109 

2.5 

18 

1 

(( 

Negative 

+0.55 

110 

1.25 

0 

1 

(t 

Vigorous scratching 

-1.9 

111 

1.25 

0 

1 

it 

Negative 

-1.55 

112 

1.25 

3 

1 

t( 

tt 

-0.75 

113 

1.25 

3 

1 

tt 

tt 

-1.8 

114 

1.25 

18 

1 

It 

Spasms 

-2.4 

115 

0.6 

0 

1 

it 

14 min. 


116 

0.6 

0 

1 

tt 

Convulsions, weak 

-2.3 

117 

0.6 

3 

1 

tt 

Spasms 

-1.55 

118 

0.6 

3 

1 

tt 

Negative 

-1.25 

119 

0.6 

3 

1 

tt 

tt 

0 

120 

0.6 

18 

1 

tt 

t 4 min. 


121 

0.3 

0 

1 

tt 

Somewhat weak 

-1.1 

122 

0.3 

0 

1 

tt 

t 4 min. 


123 

0.3 

3 

1 

tt 

Dyspnea, somewhat weak 

-1.45 

124 

0.3 

3 

1 

tt 

Severe 

-8.85 

125 

0.3 

3 

1 

(( 

1 6 min. 


126 

0.3 

4 

1 

(( 

Negative 

-0.9 

127 

0.15 

0 

1 

tt 

I 4 min. 


128 

0.15 

0 

1 

tt 

1 t4 “ 


129 

0.15 
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tion by small quantities of antigen. On the first assumption one would 
expect protection to diminish with the elimination of the inhibiting 
substance from the blood stream. Actually the elimination takes 
place rather quickly since soon after the injection the urine is distinctly 
colored. Further evidence was gained from an examination of the 
color of the serum of guinea pigs after intravenous injection of the dye 
and from an estimation of the dye in the serum by inhibition of the 
precipitin reaction. From the few tests made it appeared that a con¬ 
siderable part of the azodye (about half) was already eliminated 
within the first hour after the injection. 

On the other hand protection was still demonstrable on the day 
following the administration of the dye, and furthermore, in the 
experiments of Table VII there was no noticeable difference in the 
results whether the inhibiting substance was injected simultaneously 
with the antigen or 3 hours afterwards. Consequently one can con¬ 
clude that the effect is not due simply to the presence in the circulation 
of the substances tested but to a desensitizing action upon the tissues. 
This view is corroborated by the observation that frequently the injec¬ 
tion of homologous azodye into sensitized animals was followed by a 
significant drop in temperature and in a number of cases even by 
anaphylactic shock (17), but in some series of experiments this result 
could not be duplicated. 

It is possible, however, that there are other instances in which 
protection is brought about by the same mechanism as inhibition in 
vitro. This is suggested by the results of Tillett, Avery, and Goebel, 
who noticed that their glucosides prevented shock only when injected 
just prior to the antigen, but not after an interval of 2 hours. The 
apparent discrepancy between their results and the present ones can 
probably be attributed to differences in the chemical nature of the 
substances used. 


SUMMARY 

Experiments with azoproteins containing stereo-chemical isomeric 
groups of d- and /-tartaric acid showed well marked specificity of the 
anaphylactic reaction to these antigens, in conformity with the 
results of precipitin tests. 
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Shock in these animals could be prevented by injection of azodye 
containing the specific groups. This phenomenon is ascribed to a 
desensitization. 
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The subject of the artificial cultivation of filterable viruses has again 
brought into prominence the experiments of Flexner and Noguchi (1) 
and their followers with the so-called globoid bodies of poliomyelitis. 
The present paper deals with an attempt to repeat the results of the 
studies of Flexner and Noguchi and it is therefore desirable to present 
in brief form the results of the earlier work. 

The original paper of Flexner and Noguchi (1) described the globoid bodies as 
minute, formed structures, cultivated by specially devised methods from tissues of 
the central nervous system from both human and experimental sources. The 
tissues were either fresh or glycerolated, unfiltered or filtered through Berkefeld 
V or N candles. 

Methods of Cultivation. —The culture medium consisted essentially of human 
ascitic fluid to which had been added a fragment of sterile fresh tissue, usually 
rabbit’s kidney. The liquid was covered with a deep layer of sterile paraffin oil 
and of the two sets of cultures, one was placed in an anaerobic jar and the other 
kept outside. All tubes were incubated at 37®C. 

In the tubes kept outside the jar, it was observed after 5 days that about the 
fragments of tissue an opalescence appeared which could be gradually diffused 
through the tube by gentle shaking. After another period of 3 to 5 days, the 
opalescence extended into the upper portion of the medium, but at the expiration 
of 10 to 12 days the diffuse but slight opacity began to diminish, and irregular 
particles formed and slowly fell to the bottom of the tube. In control tubes, 
either no change was observed, or a slight granular precipitate covered the tissue; 
and, while in tubes in which growth had been noted the opalescence increased in 
extent, in the control series the precipitate gathered progressively about the tissue 
fragments. In the corresponding tubes kept in an anaerobic jar, a similar opales¬ 
cent growth was seen, although it was slighter than that just described and required 
a somewhat longer time to reach its full development. 

For the demonstration of colony formation, a semisolid medium was used which 
comprised ascitic fluid and sterile rabbit kidney, to which sufficient 2 per cent 
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agar had been added to produce a solid mixture. This medium was not successful 
for initial growths, but after about the third generation of growth in fluid medium, 
transfer could be effected to the solid medium. In this, growth was noted after 
several days as a diffuse opalescence which first appeared about the tissue frag¬ 
ments and gradually aggregated into visible, minute colonies. Later, the opal¬ 
escence rose in the medium until it reached about 3 cm. below the surface, the 
upper limit of growth being sharply demarcated. 

In the original paper, mention waa made of the fact that initial growth could 
be secured in a medium from which either rabbit kidney or ascitic fluid had been 
eliminated, the former being replaced by using a somewhat larger fragment of 
poliomyelitic brain or the latter by adding brain tissue extract or sheep serum 
water. Cultures could not be obtained in the absence of both kidney tissue and 
ascitic fluid, which might each have contained living cells; modified media were 
inferior generally to a mixture of the above two components. 

The results obtained by the use of the substituted media indicate that growth 
was derived primarily from the inoculum and not from the kidney tissue or ascitic 
fluid. The original observation supporting this view is that relatively greater 
success was obtained when fragments rather than emulsions of poliomyelitic 
tissue were used. For it has been found that bacteria may be introduced from the 
outside into cultures of brain tissue from herpes-virus encephalitis (2) and from 
poliomyelitis (3) during the process of grinding the tissue in the preparation of 
emulsions. 

Characteristics oj the Globoid Body ,—The globoid bodies were originally described 
as minute, globular structures, measuring from 0.15 to 0.3 micron in diameter, 
and arranged in pairs, chains, and small masses, according to the nature of the 
medium. In fluid medium, pairs and chains predominated; within the tissues of 
poliomyelitic patients or infected monkeys, only pairs or small masses were dis¬ 
cernible, never chains. The reaction to Gram’s stain was variable, that is, the 
bodies retained the stain feebly in earlier generations, but more intensely in older 
cultures. In peptone medium the organisms appeared to be larger and retained 
the,Gram stain more firmly. 

In initial cultures, considerable diflSculty was encountered in demonstrating the 
bodies during the first 4 or 5 days. They could be detected more readily on the 
sixth or seventh day, and maximum growth was obtained from about the eighth 
to the twelfth day. After 3 or 4 weeks, however, the bodies became enlarged and 
irregularly stained, although very minute structures, barely visible, were still 
present. These altered cultures were filterable through Bierkefeld filters, just as 
were the globoid organisms. 

It would appear, therefore, from the original description in which the authors 
stressed the ability of the globoid bodies to form definite colonies and to show a 
distinctive morphology, that the bodies were unequivocally organisms. 

Pathogenicity in Monkeys ,—The original paper emphasized the point that 
only exceptional cultures possessed pathogenicity in the monkey. Furthermore, 
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the limit beyond which the virus itself was considered not to be infective was that 
represented by a second transfer of the original vims in the culture medium. 

Two sets of inoculation experiments were reported: one comprising fluid and 
solid cultures of globoid bodies derived from four human cases, and the other, 
cultures from the M.A. vims highly adapted by prolonged propagation in monkeys. 

The mixed cultures of the human strains, in the third generation, were inocu¬ 
lated into a monkey, which developed characteristic experimental poliomyelitis. 
A second passage from this animal to two normal monkeys, and later, a third 
passage to a single rhesus^ proved successful. From three of these four animals, 
cultures of the microorganisms were recovered. 

The monkey strains of globoid bodies were successfully inoculated as follows; 
One monkey was injected with a mixed culture representing the third and fifth 
generations, and a second, third and fourth animal, with fifth to sixth generation 
cultures, all developed typical poliomyelitis. The globoid bodies were recovered 
in cultures made from the brains of all these animals. Furthermore, from the 
second and third Macacus rhesus successful passage was effected through two 
successive scries of animals. In addition, a fifth monkey was inoculated with a 
mixed culture representing the eighteenth and twentieth generations. This animal 
died on the third day from a secondary infection but the inoculation of a filtrate 
of the site of inoculation in the brain into a normal cynomolgus was followed, 
after 13 days, by characteristic experimental poliomyelitis. 

In one instance in the foregoing e.xperiments, mention was made of the fact 
that characteristic experimental poliomyelitis was induced with a culture derived 
from an affected monkey which, in turn, had also been inoculated successfully 
with globoid bodies. 

To sum up, the original report offered evidence of specific pathogenicity of glo* 
boid bodies even to the eighteenth or twentieth generation and of the successful 
recovery of a virulent culture from an animal injected with the globoid bodies 
themselves. 

In a later article, Flexner, Noguchi, and Amoss (4) extended the studies on the 
globoid bodies and found that the microorganisms survived in the semisolid me* 
dium kept at room temperature or at 37°C. for over 13 months. A test for virulence 
showed these cultures to be pathogenic 6 months later, or 19 months after isola¬ 
tion, In this communication the authors also reported the preparation of “mass” 
culture medium and the employment of the prodigious number of globoid bodies so 
obtained for pathogenicity tests. The mass cultures were injected three or four 
times, since the earlier studies had revealed that only exceptional growths were 
active and that repeated injections of the ordinary virus (5) sometimes induced 
paralysis. Thus, one rhesus monkey was inoculated intraspinally four times at 
intervals of 6 to 11 days with mass cultures representing the fourth to thirteenth 
generations. 5 days after the last injection the monkey developed characteristic 
experimental poliomyelitis. Another monkey was injected intraperitoneally 
four times with the same material, and at the same intervals as in the preceding 
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experiment, and typical poliomyelitis was induced. The nervous tissue of these 
two monkeys, glycerolated for 6 and 70 days respectively, proved infectious. The 
effect of the repeated injections is cumulative, for it was shown by a control test 
that the final, or fourth injection, by itself, failed to affect a normal animal. 

The experiments described led to the inference that there is a wide fluctuation 
in pathogenic action of the globoid bodies, and only exceptional strains are infec¬ 
tive. In addition, it was emphasized that the recovery of the bodies in culture 
from affected monkeys is made only with difficulty. Finally, it was pointed out 
that, by means of mass cultures, the bacterial nature of the globoid bodies is 
unequivocally established. 

The next communication, by Amoss (6), again presented evidence to indicate 
the fact that the globoid bodies are microorganisms, and that after long cultivation 
m vitro they become saprophytic and grow more readily in a considerable variety 
of media. Moreover, Amoss reported the recovery of two additional, but non- 
pathogenic, cultures from monkeys with experimental poliomyelitis induced by 
human and M.A. virus. He emphasized in this paper a fact that had already been 
pointed out in the previous articles (1,4), namely, that highly parasitic cultures 
are refractory to artificial cultivation. 

Smillie (7) contributed a series of twenty-two cultures of globoid bodies in 
fluid and semisolid media obtained from the tissues of seven monkeys with experi¬ 
mental poliomyelitis. Of these, eight different strains were inoculated into cor¬ 
responding rhesus monkeys. Five animals were unaffected but three, receiving 
fourth and fifth generation growths, showed some degree of paralysis after intra¬ 
cranial or intraspinal injection. These latter reactions could not, however, be 
definitely proved as poliomyelitic. Smillie also found that established cultures 
can survive in the icebox for months; that dye indicators inhibit their growth; that 
the preferable pH of the medium is at blood neutrality; that strict anaerobiosis 
is essential and that body fluids, especially ascitic fluid, are required for their 
proper development. Most noteworthy is the fact, as shown also by Amoss (6), 
that after having once become established and accustomed to artificial media, 
the globoid bodies grow more readily and may be more easily transferred. 

The observers mentioned in the preceding paragraphs have therefore 
defined the characteristics of a true culture of globoid bodies. Jn view 
of the minute size of the microorganisms, emphasis was laid on the 
possible confusion which could arise in distinguishing them from 
granular precipitates in the culture medium. Hence the criteria of a 
culture should comprise the following principles: (a) characteristic 
growth in special, anaerobic, fluid medium; (b) definite colony forma¬ 
tion; (c) distinctive growth in mass cultures, and (d) agreement with 
the other properties already mentioned in the foregoing resum6. 
Finally, (e) in respect to pathogenicity, attention has been called by 
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the early investigators to the fact that only exceptional cultures show 
infectiousness and that the saprophytic strains are cultivable with 
difficulty while parasitic ones are even more refractory. On the 
other hand, definite experimental poliomyelitis has been induced in 
monkeys with the first, third, fourth, fifth, sixth, eighth, eighteenth, 
and twentieth generations of the globoid bodies. The eighteenth 
generation has been calculated to represent a dilution of 1:24^^ of the 
original virus—considerably beyond the limits of its inherent infec- 
tivity. In one instance, a culture in semisolid medium, in its eighth 
generation and kept at 37°C. for 13 months, had not lost its infectious¬ 
ness, whereas ordinary virus in a similar medium survives no longer 
than 20 to 30 days (4). Furthermore, the microorganism has been 
recultivated from the tissues of monkeys in which poliomyelitis was in¬ 
duced by the globoid bodies (in one series, from all of four cases) and 
such strains have, in turn, again produced the experimental disease. 

With this definition of a culture of globoid bodies in mind, we can now 
compare the results of other investigators with those of Flexner and 
Noguchi (1,4), of Amoss (6), and of Smillie (7). 

In 1918, Heist, Solis-Cohen, and Kolmer (8) reported the isolation from human 
and monkey poliomyelitic material of four different strains of globoid bodies. 
These cultures agreed morphologically and culturally, in fluid, semisolid, and mass- 
culture medium, with the descriptions originally given (1, 6, 7). Furthermore, a 
definite distinction was made by Heist and Solis-Cohen (9, 10) between globoid 
bodies and ordinary streptococci—a finding also reported by Smillie (7) and by 
the prior investigators. Although the cultures of Heist and his co-workers were 
carried successfully through at least ten generations, no inoculation tests were 
made. 

On the other hand, the results of the cultivation tests reported by Tsen (11) 
are not so clearcut. After “many trials” he succeeded in finding organisms which 
he believed to be similar to globoid bodies. But they could not be maintained for 
more than three generations, and hence were not inoculated into animals. Since 
only fluid medium was used, and the “organisms” therein disappeared rapidly, it 
is likely that Tsen may have confused granular precipitate with the globoid 
microorganisms. 

Into this category of granulations may also be placed the so-called globoid body 
cultures obtained by Foster (12) from the nasopharyngeal secretions of common 
cold cases, and those of Bradford, Bashford, and Wilson (13). Olitsky and Mc¬ 
Cartney (14), in discussing the significance of Foster’s cultures, pointed out how 
the error of confusing precipitates with minute organisms may arise and, further- 
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more, attempted to indicate the methods by which such misinterpretations may be 
eliminated. In the case of Bradford and his co-workers, their cultures of so-called 
‘‘globoid bodies,” obtained from patients with influenza, trench fever, war nephri¬ 
tis, and a number of other diseases, were later shown to consist of artefacts (Ark¬ 
wright—15)—a view which the investigators themselves finally accepted. 

In a study concerning the etiology of epidemic e:icephalitis lethargica, Loewe 
and Strauss (16), using the fluid and semisolid culture media already described (1), 
recovered what was believed to be a minute, globular organism from the brain, 
from nasopharyngeal mucous membrane tissue and washings, from spinal fluid, and 
from blood of cases of the affection. These investigators stated that their filter¬ 
able organism resembled in morphology and cultural characteristics the globoid 
bodies, but that it possessed distinctly different pathogenic effects. They have 
not, however, reported the distinctive bacteria-like growth, as described by Amoss 
(6), in mass-culture medium. The fact, however, that colonies were obtained 
indicates the occurrence of bodies of microorganismal nature in their cultures, 
which, the authors believe, should be placed in the globoid body group. 

EXPERIMENTAL 

As indicated in the introductory paragraph, we undertook to repeat 
the earlier work on the cultivation of the globoid bodies and, especially, 
to secure cultures which possessed pathogenic properties. 

For this purpose, we had access to abundant material taken from 
monkeys which had developed experimental poliomyelitis after the 
inoculation' of a highly active mixture of two virus strains—M.A. 
and K—(17,18) which had been propagated for many years in mon¬ 
keys. The animals, as soon as definitely paralyzed and before becom¬ 
ing moribund, were etherized and the brain and spinal cord were 
removed with sterile precautions. The tissues were generally free 
from secondary bacterial contamination, or bacteria derived, during 
exposure, from the air. Inoculation of media was immediately carried 
out, using fragments of brain or spinal cord, or a Berkefeld V filtrate of 
a S per cent physiological saline suspension of these tissues. 

Cultivation 

The culture medium was that of Noguchi, consisting of ascitic 
fluid and a fragment of sterile, fresh, rabbit kidney. 

In the preparation of initial cultures, we attempted to repeat precisely the origi¬ 
nal method described by Flexner and Noguchi (1). The fragment of rabbit kidney 

' All inoculations in the monkey were carried out under ether anesthesia. 




P. H. LONG, P. K. OLITSKY, AND C. P. RHOADS 


35 


was placed in a test tube measuring 1.5 x 20 cm. The inoculum, consisting of either 
a small fragment of brain or of spinal cord, or of 0.5 cc. of the filtrate of these 
tissues, was next added and then about 15 cc. of sterile ascitic fluid. Finally, 
about 2 cc. of sterile liquid albolene was added in such a way as to form a layer 
over the surface of the medium. One set of tubes of each series was placed in the 
Boez anaerobic jar (19), and a duplicate set kept outside. The incubation was at 
37°C. 

A modified technique was also used: sufficient 1 per cent neutral cysteine 
hydrochloride solution was introduced into the ascitic fluid to give a final concentra¬ 
tion of 1:2000. The cysteine medium was sealed with solid petrolatum instead 
of liquid albolene. We found, however, that this modification did not lead to an 
increase in the number of positive “cultures.’^ 

As a rule, about 50 tubes of medium were inoculated during each original 
attempt at cultivation: two-thirds of them were set up as first described, and one- 
third with the cysteine. 

After 10 to 14 days, the tubes were removed from the thermostat and a small 
amount of the medium was withdrawn from the bottom of each tube with a sterile 
capillary pipette, for film preparations. These preparations were allowed to dry 
in the air and, after being fixed by heat, were stained for 3 minutes with well- 
ripened, alkaline, methylene blue. 

All tubes found by microscopic examination to be contaminated with ordinary, 
familiar bacteria were discarded. On the other hand, each culture thought to con¬ 
tain material resembling globoid bodies was subplanted to six or eight tubes of 
Noguchi’s fluid medium and upon two rabbit-blood, dextrose-agar plates. In the 
case of each subplant, one-half the number of tubes and plates was placed in an 
anaerobic jar and the other half kept outside. In addition numerous uninoculated 
control tubes of the medium, and inoculated control tubes of dextrose broth were 
included in each series of transfers. 

No characteristic macroscopic changes were visible in the inoculated tubes at 
any lime. The opalescence described by Flexner and Noguchi (1) as appearing 
around the kidney at the end of the fifth day was not detected but a distinct cloud¬ 
ing, possibly due to autolysis, was noted at the end of 24 hours. 

With regard to the formation of colonies, which other workers (Flexner and 
Noguchi—1; Flexner, Noguchi, and Amoss—4; Amoss—6; Smillie—7, and Heist, 
Solis-Cohen, and Kolmer—8) agree in emphasizing as characteristic of the globoid 
bodies, and as indicative of their microorganismal nature, we were unable to secure 
any evidence. This may perhaps have been due to the fact that we did not employ 
the semisolid medium of Noguchi. However, no colonies could be detected on the 
plates, incubated anaerobically, which were made from tubes showing suspected 
growth. Nor were we successful in obtaining growth in the special mass-culture 
medium (4), although no less than twelve attempts were made by this method. 

In view of our having used different media in this part of the work, any compari¬ 
son to be made between our results and those of the original investigators should 
be based on findings in fluid cultures. 
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To recapitulate: Efforts at cultivations were made with fragments 
of the brain or cord or with Berkefeld V filtrates of the nervous tissues 
of seven monkeys inoculated with poliomyelitic virus and suffering 
from experimental poliomyelitis. With these materials, 315 tubes 
were inoculated, thirty-six of which showed minute morphological 
particles or ‘‘bodies^* suggesting microorganisms. The subplanting 
from these “positive’' tubes was disappointing, owing to the failure 
to obtain secondary growths in later subplants or to failure due to 
contamination with ordinary bacteria. Thus, while all seven monkeys 
yielded minute particles suggesting growths in initial cultures, the 
“growths” derived from three animals failed after the first subplant, 
from one after the third, from one after the fourth, from one after the 
eighth, and from the last monkey after the eleventh subplant. 

Morphology 

The microscopic appearances to bedescribedrelate wholly to the fluid 
subplants and it should be recognized that because of the presence of 
the autolyzing kidney fragment and the resulting granular precipitate, 
it is just such cultures that are most subject to misinterpretations. 
Indeed, the distinction in early subplants between minute microorgan¬ 
isms and precipitate is so indefinite that we were led to apply the 
method of cataphoresis in order to attempt possible differentiation. 
We already knew that the poliomyelitic virus in nervous tissue sus¬ 
pensions migrates to the anode (20). Applying the same experimental 
procedures (21) to washed “cultures” in twenty-three tubes derived 
from six different “strains” in five separate tests, no conclusive evi¬ 
dence could be obtained, by this method, of differentiation of “micro¬ 
organisms” from precipitate. For whatever picture was detected at 
the anode could be seen also at the cathode. On the other hand, con¬ 
trol experiments with Bacterium pneumosintes and Bacterium coli 
were clearcut; there was active migration of both to the anode.* 

Notwithstanding these facts, we were able to pick out thirty-six from 
315 tubes in which the distinctions were sufficiently wide to suggest 
the possibility of microorganisms being present. The main points of 

* In carrying out the cataphoresis experiments, we were aided by the efTective 
cooperation of Dr. D. C. Hoffman of The Rockefeller Institute. 
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such distinctions are as follows: In early subplants, the minute and 
‘‘globoid bodies’* were single, in pairs, or in short chains, the indi¬ 
vidual bodies being of a fairly uniform appearance. In older sub¬ 
plants, the bodies were more numerous and in part formed agglo¬ 
merated masses. In remote subplants, they were somewhat larger. 
The bodies stained well with well-ripened alkaline methylene blue and, 
as a rule, did not retain Gram’s stain. In stained specimens the 
‘"bodies” appeared to be raised above the background of amorphous 
materia], cellular detritus, and indefinite particles and were not 
refractile. It should be mentioned that in practically all film prepara¬ 
tions we observed well-preserved kidney tissue cells and leucocytes, 
the latter probably derived from the ascitic fluid. 

Power to Infect Monkeys 

We pass now to the most significant part of our study, namely, the 
power of the “cultures” to infect and induce experimental poliomye¬ 
litis in monkeys. Indeed, in one series of subplants, derived from the 
brain and cord of a monkey experimentally infected with the virus 
described in Experiment 1, we were successful in producing experimental 
poliomyelitis in monkeys with the materials taken from “cultures” 
in the seventh, eighth, ninth, and tenth transfers. It should be noted 
that the seventh transfer represents a dilution of the original material 
cultivated of about 1.5 X 10*^^, and the tenth, of about 1.3 X 
The history of the monkey yielding the active material is as follows: 

Experiment l.~Macacus rhesus inoculated intracerebrally on February 8, 
1929, with 1 cc. of the suspension of anodic material obtained by cataphoresis of 
brain and cord tissues from a monkey in the paralytic stage of the experimental 
disease (20). February 19, excitement, tremor, right facial paralysis, and ptosis 
were noted. February 20, ataxia, tremors, weakness of right arm and shoulder 
and both legs were observed. February 21, the animal was prostrate and unable 
to move its arms and legs. Etherized. The gross and histopathological exami¬ 
nations revealed characteristic lesions of experimental poliomyelitis. 

Sixty-nine tubes were inoculated with the infected nervous tissue of this animal. 

Of the sixty-nine tubes, eight showed what appeared to be a minute, ‘‘globoid 
microorganism.” These were subplanted to sixteen tubes of which, after 12 days’ 
incubation, five were “positive.” A third subplant into thirty tubes yielded 
sixteen; a fourth into forty-two tubes yielded nine; a fifth of forty-five, eleven; a 
sixth of sixty-six, twenty; a seventh of sixty, thirty; an eighth of forty-eight, 
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thirty-seven; a ninth of thirty-two, four; and a tenth of thirty-two, “posi¬ 
tives/^ All the forty tubes of the eleventh subplant were contamindted v 
moulds and diphtheroid organisms. By the time the sixth subplant was reacneU, 
all the “positive” tubes had a common origin from one tube of the first transf r. 

The medium is notably irregular and uncertain in its composition 
because of the variations in quality of the ascitic fluid and possibly 
of the kidney tissue. Noguchi (22) originally pointed out that certain 
samples of ascitic fluid were more suitable than others for cultivating 
spirochetes and other investigators have emphasized this factor 
as influencing cultures of globoid bodies (4, 6, 7). That uncontrolled 
fluctuating factors played a part in our results is indicated by the 
discrepancies arising in the several subplants. The irregularity in 
positive tubes is correlated with the number of “bodies’^ visible under 
the microscope: In the first three subplants they were few, from the 
fourth to the eighth subplant, many; with the seventh subplant they 
predominated, but in the ninth to eleventh they became very few and 
difficult to find. 

Monkeys were inoculated with materials from the seventh, eighth, 
ninth, and tenth subplants of these ‘'cultures.^* The material inocu¬ 
lated consisted of centrifuged sediment of the tubes, washed, as a 
rule, five times with physiological salt solution. In one instance 
(Experiment 2) to the washed sediment of the seventh subplant was 
added the unwashed sediment of the sixth and fourth subplants. 

Experiment 2.—Macacus rhesus A. April 18, 1929, pooled material from the 
bottom of the positive tube in the sixth transfer of the culture obtained in Experi¬ 
ment 1 (hereafter designated as Bodies 1) was prepared and of this mixture 2 cc. 
were injected intracerebrally, 10 cc. were injected into the peritoneal cavity and 2 
cc. into the spinal canal. 

April 23, pooled material from the bottom of the positive tube in the fourth 
transfer of Bodies 1 was prepared, and of this mixture 2 cc. were injected intra¬ 
cerebrally, 9 cc. intraperitoneally, and 2 cc. intraspinally. 

May 1, the material from the bottom of the positive tube of the seventh transfer 
was centrifuged at high speed for IS minutes; the sediment was suspended in 3 
cc. of physiological saline solution, and then centrifuged again. This was repeated 
three times. 1.75 cc. of the final suspension were injected into the left cerebral 
hemisphere. 

May 11, tremor; right facial paralysis; ataxia; complete paralysis of left arm, 
and legs very weak. 

May 12, prostrate. Etherized. 
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A uiopsy.^Meninges normal. A very small area of softening was visible in the 
border of the right internal capsule, involving the lenticular nucleus. This site 
contained old blood and yellow pigment. The midbrain showed spotty translucent 
areas about 1 to 2 mm. in diameter. The cervical cord contained pink, translucent, 
soft areas in the region of the anterior horn cells. 

Microscopical Examination. —Forebrain: A moderate mononuclear cellular 
reaction was present. Lateral to and partly involving the lenticular nucleus was 
a small area of softening containing red blood cells in various stages of degeneration. 
Around this area were many phagocytic microglia. Certain of the nerve cells 
showed varying degrees of degeneration and some of them were phagocytized. 

Medulla: A slight mononuclear infiltration of the pia-arachnoid membrane 
was seen. Moderate perivascular infiltration was present. A certain amount of 
nerve cell degeneration with and without accompanying cellular reaction occurred. 

Cord: A slight lymphocytic reaction was observed in the pia-arachnoid mem¬ 
brane, together with a marked perivascular mononuclear infiltration. In the 
cervical region there was almost complete destruction of both the anterior and 
posterior horn cells, with accompanying phagocytosis of the d6bris by microglia. 
The same reaction was present but was progressively less marked in the lower levels 
of the cord. 

A 5 per cent saline Berkefeld N filtrate was prepared from portions 
of the cord and of this 1 cc. was injected intracerebrally into a monkey. 
This monkey developed typical experimental poliomyelitis within 6 
days. 

Cultivation experiments in Smith-Noguchi medium were carried 
out with fresh central nervous tissue from Monkey A. Seventy-one 
tubes were inoculated and after 14 days’ incubation, five tubes con¬ 
tained bodies resembling those with which Monkey A had been inocu¬ 
lated. 

Experiment 3.—Macacus rhesus B. May 1,1929, 2.5 cc. of a saline suspension 
of washed materials from the bottom of the positive tube of the seventh transfer of 
Bodies 1 were injected into the l^ft cerebral hemisphere. 

May 6, slight tremor; ataxia; marked left facial paralysis; both arms practically 
completely paralyzed. 

May 7, prostrate; facial paralysis increased. Etherized. 

Autopsy .—At a site of inoculation there was a soft area 2x2 mm. containing a 
small amount of golden yellow pigment. No cyst formation or frank hemorrhage 
was observed. The region of the anterior horn cells in the spinal cord showed 
injection and slight hemorrhage. This was most marked in the cervical region. 

Microscopical Examination. —Brain: Slight perivascular lymphocytic reaction 
in the region of the thalamus. Inegular nerve cell degeneration. The choroid 
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plexus was infiltrated with lymphocytes. In the sub-arachnoid space was a diffuse 
lymphocytic and mononuclear cellular reaction. 

Medulla: Foci of mononuclear cells, some surrounding degenerated nerve 
cells, were present in the region of the fourth ventricle. A marked perivascular 
mononuclear infiltration occurred throughout the medulla. All stages of nerve 
cell degeneration were seen. 

Cervical cord: A moderate meningeal and perivascular reaction was observed. 
The neurons showed marked destruction and active neuronophagia. 

Thoracic cord: The meninges were thickly infiltrated with lymphocytes. The 
cells of the anterior and posterior horns showed marked acidophilic degeneration, 
but their outline was preserved. The nerve cells were surrounded by a large 
number of polymorphonuclear and mononuclear leucocytes. The same changes 
were observed in the lumbar cord. 

Intervertebral ganglia: There was a marked interstitial lymphocytic reaction 
and a moderate acidophilic degeneration of the nerve cells. 

Five monkeys wereinoculatedwithsuspensions and filtrates prepared 
from the cord of Monkey B. Three of these control monkeys devel¬ 
oped typical experimental poliomyelitis within 7 days; the remaining 
two were unaffected. 

Cultivation experiments in Smith-Noguchi medium were made with 
fresh material from the brain and spinal cord of Animal B. In the 
second transfer bodies closely resembling those inoculated were 
isolated. 

Experimcfit 4.—Macacus rhesus C. May 15,1929,1.5 cc. of a saline suspension 
of washed material from the bottom of the positive tubes of the eighth transfer 
of Bodies 1 were inoculated into the left cerebral hemisphere and 1.5 cc. of the same 
suspension were injected into the spinal canal. 

May 21, tremors; slight ptosis of both upper eyelids; ataxia; partial paralysis 
of both arms and shoulders; legs very weak. Etherized. 

Autopsy .—Meninges normal. Site of inoculation used for touch preparations. 
A definite small hemorrhage was seen in the striate body. The cervical cord 
revealed definite areas of congestion and hemorrhage in the region of the anterior 
horn cells. These changes were less marked in the lumbar and sacral cord. 

Microscopical Examination .—Site of inoculation: No bodies were seen in touch 
preparations. Lateral to the anterior part of the striate body was a narrow zone 
of softening containing red blood cells, granular debris, and a moderate amount of 
pigment. About the periphery of this area was a large number of glial nuclei. 

Cord: The anterior horn cells showed varying degrees of degeneration, some 
being slightly involved while others were completely destroyed. A diffuse cellular 
infiltration of polymorphonuclear and mononuclear leucocytes was present. This 
reaction became less marked in the lumbar and sacral regions. 
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Intervertebral ganglia: A diffuse interstitial lytaphocytic infiltration was present 
and a moderate number of nerve cells showed partial or complete degeneration. 

A 5 per cent saline Berkefeld N filtrate was prepared from the brain 
and cord of Monkey C. 1 cc. of this filtrate was injected into the left 
cerebral hemisphere of a normal control monkey. Within 8 days the 
animal developed typical experimental poliomyelitis. 

Cultivation experiments in Smith-Noguchi medium were made with 
fresh tissue of the central nervous system from Monkey C. After 
14 days’ incubation, one of forty-seven inoculated tubes contained 
bodies similar to those with which the monkey had been inoculated. 

Experiment 5.— Macacus rheskis D. May 31, 1929, 1.25 cc. of a washed saline 
suspension of the material from the bottom of the positive tubes of the ninth trans¬ 
fer of Bodies 1 were injected into the right and left cerebral hemispheres. 

June 6, tremor; ataxia; both arms paralyzed; legs weak. 

June 7, prostrate. Etherized. 

Autopsy,-—The meninges were slightly injected. The left site of inoculation 
showed an old hemorrhage with some yellow pigment and an area of softening 
extending into the internal capsule and the caudate nucleus. A similar picture 
was present in the right site of inoculation. Typical translucent, congested and 
hemorrhagic areas were visible in the medulla and in the region of the anterior 
horn in the cervical cord. No organisms were seen in preparations made from the 
sites of inoculation. 

Microscopical Examination. —The site of inoculation showed a hemorrhage with 
hemosiderin pigment and was surrounded by phagocytic mononuclear cells. A 
slight diffuse increase in glial nuclei was present. Nearly all of the anterior horn 
cells in the cervical region had disappeared. Many foci of phagocytic mononuclear 
cells were present. A moderate perivascular lymphocytic reaction was observed. 

A 5 per cent saline suspension was made of the cord of Monkey D. 
0.5 cc. was inoculated into the left cerebral hemisphere of a normal, 
control monkey, which in the course of 7 days developed typical 
experimental poliomyelitis. 

Cultivation experiments in Smith-Noguchi medium were made 
with the fresh central nervous tissue from Monkey D. None of the 
forty-eight tubes showed bodies similar to those with which Monkey D 
had been inoculated. 

Experiment 6,—Macacus rhesus E. May 31, 1929, 1.25 cc. of a washed saline 
suspension of the material from four negative tubes of the ninth transfer of Bodies 
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1 were inoculated into the right and left cerebral hemisphere iterial 

contained no demonstrable bodies. 

The monkey remamed well and was discarded after 1 month's o 

Experiment 7.—Macacus rhesus F. Jime 14,1929, l.S cc. of washed saline sus¬ 
pension of material from the bottom of five positive tubes of the tenth transfer of 
Bodies 1 were injected into the right and left cerebral hemispheres. 

June 20, excited; tremors; right deltoid weak. 

June 21, prostrate. Etherized. 

Autopsy ,—There was slight meningeal congestion. An area on the left 
greenish gray to red in color, was filled with tenacious, soft, elastic material ’^'hich 
contained staphylococci. The area extended from the superior surface < " the 
frontal lobe to a region near the internal capsule, 1 to 2 mm. wide, and spread out 
at the base to a pyramidal area about 4 mm. in diameter. On the right side a 
similar condition prevailed, although the area was not as large but more hemor¬ 
rhagic and extended almost to the internal capsule. The fourth ventricle revealed 
the usual picture of poliomyelitis, but its edges were bulging and the glistening 
surface showed pink, turgid, tiny, translucent, somewhat hemorrhagic areas. 
The cervical cord exhibited the characteristic injection and translucence of the 
anterior horns, but in the dorsal and lumbar cord the pinkish tinge was not as 
prominent. 

Microscopical Examination. —Forebrain: At the site of inoculation an elongated 
area was seen extending from near the cortex to the external surface of the lenticu¬ 
lar nucleus. This area contained erythrocytes, polymorphonuclear and endothe¬ 
lial cells, and granular debris. A small amount of golden yellow pigment was 
present. The tissue forming the border of this area comprised a mass of phagocytic 
mononuclear cells and proliferated neuroglia; there was also perivascular infiltra¬ 
tion by lymphocytes. Lymphocytes infiltrated the pia-arachnoid. In the 
medulla there were present occasional nerve cell degeneration and neuronophagia 
with a moderate perivascular infiltration. 

Cord: Cervical region. Moderate l)anphocytic infiltration of the meninges. 
Almost all neurons showed acidophilic degeneration and some were in the process 
of neuronophagia. The gray matter was diffusely infiltrated with lymphocytes 
and with occasional pol)anorphonuclear cells. 

Thoracic region: Here the cord was the seat of an intense reaction. No normal 
appearing nerve cells were present, all being degenerated and fragmented, the 
subject of active neuronophagia. Very marked extra-adventitial infiltration was 
noted. 

Lumbar region: Lesions of meningeal mononuclear infiltration; nerve cell 
degeneration; neuronophagia; perivascular infiltration with some diffuse lympho¬ 
cytic and mononuclear cellular infiltration throughout the gray matter. In general, 
the reaction was less marked here than in the cervical or thoracic cord. 

Intervertebral ganglia: Moderate diffuse lymphocytic and mononuclear cell 
infiltration; a few necrotic nerve cells in various stages of degeneration with some 
showing neuronophagia. 
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A 5 per cent saline suspension was made of the cord of Monkey F; 
0.5 cc. was inoculated into the left cerebral hemisphere of a normal 
monkey, which developed typical experimental poliomyelitis after an 
incubation period of 7 days. 

Cultivation experiments in Smith-Noguchi medium were made with 
fresh tissue of the central nervous sytem of Monkey F. Two of 
twenty-eight tubes showed bodies similar to those employed in the 
inoculation of Monkey F. 

Experimental 8,—Macacus rhesm G. June 14, 1929, 1.5 cc. of a washed saline 
suspension of the material from five negative tubes, that is, free from “globoid 
bodies,” of the tenth subplant of Bodies 1 were inoculated into the right and left 
cerebral hemispheres. The monkey remained well throughout the period of 
observation. 

One observes from the preceding experiments that the inoculation 
in monkeys of a saline suspension of the washed sediment from Smith- 
Noguchi cultures of poliomyelitic tissue induced, in the seventh, 
eighth, ninth, and tenth transfers, the clinical syndrome and the path¬ 
ological effects characteristic of experimental poliomyelitis. It is 
noteworthy that in the successful experiments, the washed material 
contained small bodies resembling the globoid bodies described by 
Flexner and Noguchi. Equally important is the fact that in parallel 
experiments with material derived from the ninth and tenth transfers, 
the washed sediment of tubes showing similar bodies was active in 
monkeys while that of tubes not containing the bodies was inactive. 

SUMMARY AND DISCUSSION 

The study here reported concerns attempts at bacteriological 
cultivations with fragments of brain or cord, or with Berkefeld V fil¬ 
trates of the nervous tissues, from seven monkeys successfully inocu¬ 
lated with poliomyelitic virus. With these materials, 315 tubes were 
inoculated, of which thirty-six showed minute bodies resembling the 
globoid bodies described by Flexner and Noguchi. However, a 
study of subplants from these minute, morphological particles did not 
convince us that we had in hand actual cultures of the globoid bodies, 
or indeed of any living microorganism. 

Nevertheless, when washed sediments from subplants of one of the 
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strains, representing the seventh, eighth, ninth, and tenth transfers, 
were inoculated into monkeys, the clinical signs and pathological 
effects characteristic of experimental poliomyelitis could be induced. 
The virulence of the ‘‘cultures’^ could not be ascribed to carr)dng over 
the original material into these remote subplants since the seventh 
transfer represented a dilution of the original cultivated material to 
about 1.5 X 10“^^ and the tenth, to about 1.3 X 10“^® if one assume, 
as the transfer technic justifies, a thorough mixing of the contents of 
each tube. On the contrary, it appears as if the poliomyelitic virus 
had multiplied in vilrOy and had increased as a consequence of being 
in a medium of a modified living tissue-cell culture. For in practically 
all specimens we observed many well-preserved kidney tissue cells and 
leucocytes, the latter probably derived from human ascitic fluid, a 
component of the Smith-Noguchi medium. In this connection, it 
should be mentioned that the several lots of ascitic fluid used in the 
cultivation tests were recently obtained from patients and employed 
from a week to a month after their collection. 

There remains for consideration the problem of the selective patho¬ 
genicity of the ^‘cultures:’’ only the material of those tubes of the 
ninth and tenth transfers which showed the ‘‘globoid bodies^^ proved 
pathogenic; those respective tubes of the same transfers which were 
free from the minute bodies but apparently identical in all other re¬ 
spects, were avirulent. It may be that the virus was adsorbed to the 
particiJar bodies which we have found in the “cultures’’ and which 
resemble closely the globoid bodies of Flexner and Noguchi. Further 
elaboration of this study would be necessary, however, before such 
an inference could be regarded as a definite hypothesis. 

REFERENCES 

1. Flexner, S., and Noguchi, H., J. Exp, Med,j 1913,18,461. 

2. Olitsky, P. K., and Long, P. H., /. Exp. Med.j 1928,48,199. 

3. Long, P. H., Olitsky, P. K., and Stewart, F. W., J. Exp. Med., 1928,48,431. 

4. Flexner, S., Noguchi, H., and Amoss, H. L., J. Exp. Med., 1915, 21, 91. 

5. Flexner, S., and Lewis, P. A., J. Amer. Med. Assn., 1910,54,1780; 1910, 55, 

662. 

6. Amoss, H. L., J. Exp. Med., 1917,25, 545. 

7. Smillie, W. G., J. Exp. Med., 1918,27, 319. 

8. Heist, G. D., Solis-Cohen, M., and Kolmer, J. A., /. Inf. Dis., 1918,22,169. 



P. H. LONG, P. K. OLITSKY, AND C. P. RHOADS 


45 


9. Solis-Cohen, M., and Heist, G. D., /. Inf. Dis., 1918, 22, 176. 

10. Heist, G. D., and Solis-Cohen, M., J. Inf. Dis., 1918, 22, 182. 

11. Tsen, E. T. H., J. Exp. Med., 1918,28, 269. 

12. Foster, G. B., /. Inf Dis., 1917, 21, 451. 

13. Bradford, J. R., Bashford, E. F., and Wilson, J. A., Lancet, 1919,1, 169. 

14. Olitsky, P. K., and McCartney, J. E., J. Exp. Med., 1923, 38, 591. 

15. Arkwright, J. A., Brit. Med. J., 1919, 2, 233. 

16. Loewe, L., and Strauss, I.,/. Afeif. Assn., 1919, 73, 1056; J. Inf. Dis., 

1920, 27, 250. 

17. Flexner, S., and Lewis, P. A., J. Amer. Med. Assn., 1909, 53, 1639. 

18. Rhoads, C. P., /. Exp. Med., 1929,49, 701. 

19. Boez, L., J. Bact., 1927,13, 227. 

20. Olitsky, P. K., Rhoads, C. P., and Long, P. H., /. Exp. Med., 1929,50, 273. 

21. Olitsky, P. K., and Long, P. H., J. Exp. Med., 1929,50, 263. 

22. Noguchi, IL, /. Exp. Med., 1912,16,199. 




[Reprinted from Medicine, September, 1930, Vol. 9, No. 3, pp. 387-411J 


STUDIES ON THE BACTERIOLOGY OF EPIDEMIC 
INFLUENZA^ 

By peter K, OLITSKY, M.D. 

(From the Laboratories of The Rockefeller Institute for Medical Research) 

It is now six years since I first came here to demonstrate the work 
done by Dr. Gates and myself on the bacteriology of epidemic influ¬ 
enza. The presentation (1) was then made under the egis of Dr, 
Charles E. Simon, at the beginning of his series of courses on Filterable 
Viruses. The courses were notable not only because they were the 
first to be given on this subject in a special department of a school 
curriculum, but also because they were comprehensive and scholarly. 
One should pause to think of the debt which modern medicine owes 
to Dr. Simon, and to mourn the loss of his charming and inspiring 
presence. 

I shall try to discuss, within the hour, the work on the bacteriology 
of influenza which has been done during the past few years, and con¬ 
sider the subject in the light of more recent experience. In the interest 
of a continuous presentation, it is desirable to restate briefly the results 
of earlier experiments. 


EARLIER OBSERVATIONS 

In face of the severe pandemic of influenza of 1918, doubt was cast 
on the significance of Pfeiffer’s bacillus as the causal agent of the disease. 
Competent bacteriologists failed to find the microorganism in the 
blood or nasopharyngeal secretions of early cases with any degree 
of regularity, although this organism, as well as other ordinary bac¬ 
teria, could frequently be recovered from the lungs of persons who had 
succumbed to a secondary pneumonia. Moreover, it was often found 
as a secondary invader in other unrelated diseases, such as tuberculosis, 
whooping cough, and measles; in respiratory infections other than 
influenza, and in normal persons during interepidemic and epidemic 

^ De Lamar Lecture delivered before the Johns Hopkins University School of 
Hygiene and Public Health, February 18, 1930. 
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periods. Antibodies against the bacillus could be demo^'^^ratf'd only 
irregularly in recovered patients and serological tests reveal many 
distinct t)^es in the majority of cases, although the rapid snread of 
the epidemic might lead one to suspect the incitant to be of one type. 
Furthermore, no clearcut evidence was adduced to show that the bacil¬ 
lus was specifically pathogenic for laboratory animals, and finally, 
inoculations with vaccines did not appear to be generally effective in 
diminishing the incidence of the disease. 

The unparalleled spread of the 1918 pandemic and the confusion 
that existed in respect to the causal agent of influenza led a number of 
investigators to turn to the study of its etiology. While Dr. Gates 
and I were at work upon this problem, several articles appeared which 
reported the successful transmission of the symptom-complex of influ¬ 
enza from man to man and from man to monkey by the use of filtered 
material. Among the many reports were, notably, those of Dujarric 
dc la Riviere (2), Nicolle and Lebailly (3), Yamanouchi, Sakakami 
and Iwashima (4), and Bradford, Bashford and Wilson (5). 

The experiments made by Dr. Gates and myself concerned chiefly 
the cultivation by special methods of the filtered nasopharyngeal 
washings obtained from early cases of epidemic influenza. As a 
ground-work for the cultivation tests, animal transmission experiments 
were first done with the object of inducing an infection of an influenzal 
character. The three outstanding characteristics of the human disease 
which could be used as criteria for interpreting successful animal trans¬ 
mission experiments were considered to be {a) the leucopenia, (b) 
the diminished resistance of the lungs which permitted invasion of 
different bacteria and so opened the way to pneumonia, and (c) the 
pathological changes chiefly edema, emphysema and hemorrhage 
found in the lungs of those who succumbed. 

The first attempts at transmission of the infection from man to rab¬ 
bits were made with the unfiltered saline solution washings of the naso¬ 
pharynx of patients in the early hours of uncomplicated, epidemic 
influenza. It was expected that the different bacteria ordinarily found 
in the washings might be suppressed by animal passage and that the 
specific effects of an extraordinary microorganism might thereby be 
revealed. Later, filtrates of similar washings through Berkefeld “V” 
candles were employed. Intratracheal inoculations in rabbits of the 
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unfiltered or filtered material were followed, one or two days later, by 
characteristic effects (6, 7). They comprised mainly a mild and tran¬ 
sitory febrile reaction accompanied by leucopenia which endured for a 
few days, and from which the animal wholly recovered unless bacteria 
such as reside ordinarily in the nasopharynx were also injected into 
the lungs. While such bacteria by themselves do not, as a rule, pro¬ 
duce lesions under these conditions of experiment, they were able to 
multiply in lungs affected by the injection of influenzal washings, and 
cause severe, and often fatal, pneumonias. On the other hand, when 
a rabbit was killed at the height of the mild and transitory uncompli¬ 
cated reaction, the lungs often revealed an inflammation characterized 
chiefly by edema, emphysema and hemorrhage, but free from the 
fibrinous and cellular consolidation which is characteristic of pneu¬ 
monia of bacterial origin. 

During the first animal transmission experiments, cultivation tests 
were made with the filtered nasopharyngeal washings from patients 
early in the disease and with fragments of lungs, and filtrates thereof, 
obtained from rabbits injected with influenzal secretions (8, 9). 

The special methods used for cultivation of the influenzal material 
comprised the Smith-Noguchi medium, which consisted of sterile, 
human ascitic fluid, to which was added a small fragment of fresh, 
sterile rabbit's kidney, all under a petrolatum seal. Later, there were 
added collodion sacs prepared in a particular manner (10). The 
Smith-Noguchi medium was enclosed in the collodion sac, surrounded 
by distilled water or physiological salt solution. The addition of 
petrolatum seals established anaerobic conditions throughout the sys¬ 
tem, and the nutritive and growth-promoting substances of the me¬ 
dium diffused through the collodion in sufiicient quantities to support a 
luxuriant growth in the surrounding liquid. The confusing protein 
precipitate which formed around the tissue of the medium was con¬ 
fined in the sac. Rabbit blood agar plates incubated anaerobically 
offered still another means for cultivation, and finally, broth pre¬ 
pared with cultures of Bacterium coli (11). In the case of the latter 
medium, the coli organisms were grown in broth under a petrolatum 
seal until the bacterial cloud was barely visible. Then the bacteria 
were killed by heat. The resultant products of Bacterium coli served 
to supply growth-promoting factors and thus enriched the medium. 
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The Smith-Noguchi medium and the blood agar plates were used for 
primary isolations of microorganisms from filtered influenzal secre¬ 
tions or rabbit lungs; the sacs, for separation of protein precipitate 
from minute filter-passing organisms so as to permit their demonstra¬ 
tion more clearly especially in sparse growths. The coli broth was 
employed for the preparation of antigen for serological tests. In the 
course of time, the technique as outlined for isolation of filter-passing 
microorganisms was changed only in one respect, namely, a different 
fluid was used for suspending the nasopharyngeal secretions. In the 
earliest experiments, physiological salt solution was employed; later, 
dextrose Ringer’s solution, and finally, broth. That broth favors the 
filtration of bacteriophage was first demonstrated by Bronfenbrenner 
(12), and that it acts similarly in the case of filter-passing anaerobes of 
the nasopharynx was shown by Mills, Shibley and Dochez (13). 

There was isolated from the filtered nasopharyngeal secretions of 
patients in the early hours of influenza, and from the lungs of rabbits 
intratracheally inoculated with these secretions, a hitherto undescribed 
organism, called Bacterium (later, Dialister) pneumosintes. This 
bacterium was recovered from similar sources during the pandemic of 
1918-1919 (8) and during the recurrent waves of epidemic influenza 
in 1920 (8), 1922 (9), 1923 (14), and 1926 (15). Mention should be 
made of the fact that during inter-epidemic or epidemic periods the 
microorganism was not found in cultures of nasopharyngeal secre¬ 
tions of apparently healthy persons, or of patients suffering from non- 
influenzal affections. Nor was it found in the lungs of normal rabbits 
or those inoculated intratracheally with non-influenzal material. 

At this point, attention should be called to the fact that Bacterium 
pneumosintes has not been cultivated from a large series of patients 
with common colds. Mills, Shibley and Dochez (13) have obtained 
similar results. They have made every effort to cultivate the organ¬ 
ism except the use of animal transmission and have failed to recover it 
in their extensive work with normals and with common colds. It ap¬ 
pears, therefore, that up to the present the microorganism has been 
found only in association with true epidemic influenza. 

As originally isolated. Bacterium pneumosintes was a minute body, of 
regular and bacilloid form, with its length measuring from 0.15 to 0.3 
micron (150 to 300 millimicrons), about 2 to 3 times its breadth. It 
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was capable of passing Berkefeld filters and of resisting the action 
of 50 per cent glycerol for months. It multiplied slowly and then only 
under strictly anaerobic conditions. The microorganism was consist¬ 
ently Gram-negative and could be stained, but not deeply, with the 
usual basic dyes. It formed on the surface of blood agar plates 
minute, round, convex, amorphous colonies having a colorless or gray¬ 
ish translucence. In media other than the Smith-Noguchi, somewhat 
longer forms of the organism have been noted but these have reverted 
to the original minute forms on transfer to the Smith-Noguchi medium. 
Later observations have shown that the characteristics just described 
remain constant over a period of many years—in one case 11 years 
—when the microorganisms are maintained in the original Smith- 
Noguchi medium. Furthermore, in this medium the strains require 
transfer only at long intervals, that is, from six months to a year, since 
it was found that the organisms remain viable therein at least three 
years without subplantation. 

In early cultures, the Bacterium pneumosintes induced in rabbits 
the characteristic clinical and pathological effects which followed 
intratracheal injection of the nasopharyngeal secretions of influenza 
patients and which have already been described. But this pathogen¬ 
icity was lost during artificial cultivation. However, the more recent 
experience of Boez (16) may be of interest in this connection. Old 
cultures of Bacterium pneumosintes were injected intracerebrally in 
rabbits. They were killed 48 hours later during a febrile reaction. 
The microorganisms were recovered only from the lungs, and then in 
pure culture. The other internal organs were negative. 

On the other hand, rabbits immunized with Bacterium pneumosintes 
cultures developed specific agglutinins, precipitins, bacteriotropins and 
complement-fixing bodies (17). A significant feature of the serological 
tests is the fact that all the strains tested had similar antigenic proper¬ 
ties and reacted identically with the specific antibodies produced by 
any one of them; in other words, all strains behaved as if derived from 
a common source. Furthermore, the blood serum of patients who had 
recovered from clinical influenza agglutinated one or more strains of 
the microorganism, although the serum obtained during an epidemic 
period from a group of individuals apparently free from an attack of 
influenza showed similar agglutinins but in a smaller number of in¬ 
stances (15). 
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With regard to the relationship of Bacterium pneumosintes to the 
incitant of epidemic influenza, it was stated (1) in 1923 that ^^it has 
seemed wiser, .... merely to report the experimental facts, and to 
defer decision of the precise relation which Bacterium pneumosintes 
bears to epidemic influenza until further experience is obtained.” 
And again, in 1926 (15), “a large accumulation of observational and 
experimental evidence must be sought wherever available, and pieced 
together as opportunities permit,” in the effort to determine this rela¬ 
tionship. 

The Pneumosintes Group of Microorganisms 

Bacterium pneumosintes is not the only anaerobic, filter-passing, 
Gram-negative microorganism found in the upper respiratory tract of 
man. From the nasopharyngeal secretions of patients suffering from 
various respiratory infections and of normal individuals, a considerable 
number of different bacteria of this group has been cultivated. Credit 
is due to Dr. Avery of the Hospital of The Rockefeller Institute for his 
discovery of the first of the groups (later designated as Group I) by 
means of cultures of filtered nasopharyngeal secretions on anaerobic 
blood agar plates. His finding was quickly followed by the isolation 
of two other groups by Dr. Gates and myself (Groups II and III) 
(9), and again shortly thereafter of still two others by me (Groups la 
and Ilia). In all, at the present time, the literature records more than 
30 supposedly different groups of microorganisms of new species iso¬ 
lated from the upper respiratory tract, of which 6 were cultured at 
The‘Rockefeller Institute, and 11 additional ones were isolated by 
workers trained there (Branham (2) and Levinthal (9)). 

It is not to be supposed that the different species of these micro¬ 
organisms are limited to this number. Others may be found from time 
to time. Nor has the last word been said about the specificity of each 
one of the groups. It is likely that in a number of instances there is 
duplication. However this may be, the number of the different groups 
of anaerobic, filter-passing organisms isolated from the nasopharynx 
of man is comparable to that of the aerobic bacteria found in the same 
region. Further work is necessary to show the significance of each 
group of bacteria, but for the present they may be tabulated and de¬ 
scribed briefly as follows: 
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Groups of Gram-negative, Anaerobic Bacteria Found in Filtered Secretions 
from the Nasopharynx 

Bacterium pneumosintes, already described. 

Group I (Olitsky and Gates^ classification). Vibrios of variable 
length, motile, showing sparse granular growths in Smith-Noguchi 
medium. Colonies are large, heaped in the centers, with flat edges, 
and non-hemolytic. The organisms are autoagglutinable (9). 

Group la. Long, bacilloid organisms, non-motile, growing as a 
diffuse cloud in Smith-Noguchi medium. Colonies are raised, round, 
and translucent, with flat edges; they exhibit zones of brownish dis¬ 
coloration. Serological tests reveal their specificity and distinction 
from members of the other groups. 

Group TI. Bacilloid, pleomorphic organisms, non-mo tile, showing 
no obvious signs of growth in Smith-Noguchi medium; they merely 
vegetate therein, Plate colonies are translucent and small, and 
resemble those of Bacterium pneumosintes; they do not change the 
appearance of the medium. Serological tests reveal their specific- 
ity (9). 

Group III. Short, vibrio-like, tenuous, monomorphic organisms, 
motile, vegetating only in Smith-Noguchi medium. Colonies are 
large, with raised, crater-like centers and flat, irregularly spreading 
edges; they do not change the appearance of the medium. The organ¬ 
isms are autoagglutinable (9). 

Group Ilia. Bacilloid, short, tenuous, delicate organisms, some 
vibrio-like, faintly stained by the usual dyes, non-motile and growing 
very feebly in Smith-Noguchi medium. Colonies are small, granular, 
with slightly peaked centers and edges which arc toothed; they do not 
change the appearance of the medium. Serological tests show their 
distinction from members of other groups (18). 

The next two groups have been recovered by Branham (19) from 
the filtered nasopharyngeal washings of patients with influenza or 
common cold. They are as follows: 

Group I (Branham’s classification). This troup has the distinction 
of retaining Gram’s stain. It consists of very minute organisms, 
indefinite in shape, occurring in clumps, and showing microscopic, 
round, raised, transparent colonies. 
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Group II. Gram-negative cocci, in diplo form but occasionally in 
short chains, showing a granular growth in Smith-Noguchi medium 
and producing hemolytic, round, smooth, shiny, raised, translucent 
colonies. 

Another microorganism, isolated from the filtered nasopharyngeal 
secretions derived from influenza patients, and called Bacillus granuli- 
formisj has been reported by Pavlovic (20). This type has a close 
morphological resemblance to Bacterium pneumosintes and is therefore 
a Gram-negative, anaerobic, non-motile, bacilloid organism, which is 
stained with difficulty. As described by Pavlovic, it is pathogenic 
for rabbits, inducing a transitory reaction of fever and, generally, 
leucopenia. The lungs of affected rabbits show also a hemorrhagic 
lesion, free from pneumonic consolidation, and the intratracheal inocu¬ 
lation of the microorganism may be followed by secondary pneumonias, 
if combined in action with other ordinary bacteria. It is of interest 
to note that 60 per cent of the patients studied, in the 1927 epidemic 
in Belgrade, yielded agglutinins in their sera against this bacillus. 
Serological tests, furthermore, revealed that antipneumosintes serum 
agglutinated, and gave positive complement-fixing reactions with 
Bacillus granuliformis, Pavlovid, however, maintains that the latter 
is distinct from Bacterium pneumosintes. 

In addition, there are recorded by Garrod (21) and by Williams and 
her collaborators (22) the incompletely classified groups of anaerobic 
organisms also cultured from filtered nasopharyngeal secretions of 
man. Garrod reports 2 types: Type I, minute, anaerobic, filterable, 
Gram-negative coccus, producing microscopic, transparent colonies 
which are hemispherical and have clear-cut margins. Type II, short, 
tenuous, Gram-negative bacilli, sometimes curved, producing micro¬ 
scopic, transparent colonies which are pleomorphic, some being flat, 
others slightly raised or conical, with either smooth or crenated edges. 

The next series of microorganisms to be described comprises groups 
of Gram-negative, anaerobic bacteria found in the nasopharynx of 
man, the filterability of which is unknown because reports of this 
characteristic are lacking. The bacteria are tabulated and briefly 
described as follows: 
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Groups of Gram-Negativey Anaerobic Bacteria Found in the Nasopharynx 

of Man 

The first series are those isolated by Levinthal (23). They include 
9 different groups of which 

Group I (Levinthars classification), Streptrothrix anaerobionticoy 
comprises thick, thread-like, also short and long bacilli which grow as a 
diffuse cloud in Smith-Noguchi medium, producing gas when dextrose 
is added. Colonies are raised, whitish and mucoid. 

Group II. Long, tenuous, thread-like organisms forming raised, 
whitish colonies which are hemolytic. 

Group III Short, monomorphic rods with polar bodies. Colonies 
are grayish, largo and transparent. (These are called PaUeurella 
anaerohiontica.) 

Group IV. Bacilli of marked pleomorphism, like Type III Pfeif¬ 
fer's bacilli (Levinthal's classification). Colonics are small, flat and 
colorless. 

Group V. Coccobacilli resembling Type I Pfeiffer's bacilli, showing 
a profuse growth in Smith-Noguchi medium. Colonies are flat, shiny 
and reddish-gray. 

Group VI. Bacilloid, pneumosintes-like organisms producing 
dew-drop colonies. Serological tests show their distinction from 
Bacterium pneumosintes. 

Group VII. Tenuous, short and long bacilli, non-motile, which 
form small, whitish colonies having brownish centers. 

Group VIII. Pleomorphic bacilli, labile to Gram's stain, non- 
motile, forming small, clear, colorless colonies. 

Group IX {Streptococcus parvulus). Cocci in short chains which 
remain alive but do not grow in Smith-Noguchi medium and produce 
minute, clear, colorless, flat colonies. 

In addition there are six groups isolated by Thomson (24). 

Group I contains organisms regarded by Thomson as types of 
Bacterium pneumosintes. They were isolated from a severe case of 
Engadine fever (influenza?). They alter boiled blood agar to a cherry 
red color, and this is the distinctive difference between the organisms 
and Bacterium pneumosintes. 

Group II. Gas-producing diplococci which resemble Staphylococcus 
parvulus. 
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Group III. Non-gas-producing diplococci, which do not grow in 
fluid medium, otherwise resembling Bacterium pneumosintes. These 
organisms were isolated from the sputum of an influenza patient. 

Group IV. Bacilli with marked pleomorphism which are hemolytic 
and form flat, round colonies with depressed centers. 

Group V. Oval diplococci which do not grow in fluid media. They 
form grayish-white, somewhat transparent, soft and moist colonies. 

Group VI. Bacilli which do not grow well in fluid media, but form 
grayish-yellow, soft, moist colonics. 

Under this classification may be included also the 4 groups of anae¬ 
robic cocci and 4 of bacilli isolated by Noble and Brainard (25) from 
nasopharyngeal secretions: 

Coccus I (Noble and Brainard^s classification). Cocci labile to 
Gram’s stain, forming delayed hemolytic zones and fermenting dex¬ 
trose and Icvulose. These cocci were recovered only from cases of 
common cold (as were those of the next 3 groups) and resemble the 
organisms previously described by Hall (26). 

Coccus 11. Cocci, Gram-positive, showing indifferent colonies on 
blood agar plates. 

Coccus III. Gas-producing, Gram-positive cocci which arc non¬ 
hemolytic and ferment dextrose and levulosc. 

Coccus IV. The organisms resemble those of Group III but differ 
from them by fermenting saccharose. 

Bacillus II (Noble and Brainard’s classification). Gram-negative, 
slender rods, slightly curved and actively motile, which form minute, 
delicate and translucent colonies. They were isolated from a healthy 
subject. 

Bacillus III. Gram-negative rods, slightly curved with rounded 
ends, non-motile and forming coarsely granular colonies with scal¬ 
loped edges. They were cultured from a case of chronic rhinitis. 

Bacillus IV. Long, thread-like. Gram-negative rods, showing 
granules when stained, and forming indifferent colonies on blood agar 
plates. They were recovered from a patient with acute rhinitis. 

Group of Gram-positive Bacilli. Pleomorphic cocco-bacilli, non¬ 
hemolytic, which were isolated from a patient with common cold. 

Finally, there may be added 2 organisms, the discovery of which 
has antedated the work of Dr. Gates and myself. They are: 
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Bacillus rhinitis of Tunnidiff (27), a Gram*negative, anaerobic, 
curved or wavy, long rod, actively motile and growing in granular 
form in Smith-Noguchi medium. The colonies are small, round, and 
“duir^ and later become brown. Tunnidiff believed that she could 
reproduce “rhinitis” in man by swabbing cultures intranasally. The 
source of this organism is the nasal mucus from patients suffering from 
acute coryza. 

The second is the Staphylococcus parvulus, a gas-producing coccus, 
first isolated in 1898 by Veillon and Zuber (28), and subsequently 
found in the mouths of man and animals by Lewkowicz (29), who 
named it Micrococcus gazogenes alcalescens anaerobius. A type of this 
organism which is hemolytic but produces no gas in Smith-Noguchi 
medium has been described by Branham (30). Noble and Brainard 
(25) and others have found this coccus so frequently that it is generally 
regarded as part of the normal flora of the nasopharynx. 

It is an impossible task to make a complete list of anaerobic organ¬ 
isms, obtained mainly from filtered nasopharyngeal secretions because 
investigations are being carried on at the present time, notably by 
Long at the Johns Hopkins Hospital, and the results are consequently 
indefinite. Yet the tabulation made above should suffice as a basis for 
further work until the future demonstrates the significance of each 
group of these bacteria. It may be said now that in upper respiratory 
infections, the organisms appear to increase in number, as is shown by 
our experiments and those of Branham (19) and Long (data not as yet 
published). In this connection it is desirable to report the results of 
cultivation experiments made by Long and myself on naso-pharyngeal 
secretions derived from patients with the upper respiratory infections 
prevailing in epidemic form in 1928-1929. 

Results of Cultures in the 1928-1929 Epidemic of Upper Respiratory 

Infections 

During this epidemic of an upper respiratory infection—a disease 
which some have considered as obscure but not influenza (31)- -we 
have found difficulty in selection of cases when the standard for com¬ 
parison was the characteristic picture of 1918-1920 patients. Of the 
cases called to our attention, many were obviously non-influenzal, as for 
example, common colds, sinusitis, pharyngitis, etc., but several were 
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selected for study in which the symptoms were more characteristic 
of epidemic influenza. There were in all 15 of this kind. In 7 of the 
15, the final diagnosis was uncertain in 4 cases; epidemic pneumonia in 
2; and pharyngitis in the remaining one. In each of the 7 in which the 
diagnosis was not definitely influenza, leucopenia was absent: the white 
blood cell counts varied from over 8,000 to 14,000. Special anaerobic 
cultures, as described above, of the filtered nasopharyngeal secretions 
revealed no growth in 2, and of the pneumosintes group of organisms, 
Groups I, la, II (Olitsky and Gates’ classification), and Staphylococcus 
panulus in the others. 

The remaining 8 patients showed normal or low white cell counts, in 
spite of febrile reactions and a symptom-complex which resembled 
that of epidemic influenza. The disease, however, was mild. None of 
these patients developed secondary pneumonia; all recovered promptly. 
Anaerobic cultures of the filtered nasopharnygeal secretions showed 
the predominant and prevailing organism to be of the Group Ilia of 
pneumosintes-like bacteria. Seven patients yielded this type. The 
microorganisms next in frequency of occurrence and appearing con¬ 
currently with Ilia bacteria, were those of Group I in 5 cases; II in 
4 cases, and la in 2 instances. 

It is to be noted, therefore, that in certain epidemics of acute infec¬ 
tions of the upper respiratory tract, one of the group of pneumosintes- 
like organisms may be the predominant and prevailing bacterium to be 
found in the filtered nasopharyngeal secretions. 

. Dr. Long and I were engaged in the cultivation experiments just 
described during the period from October, 1928 to March, 1929. 
Dochez, Shibley and Mills (32) investigated a type of acute infection 
of the upper respirator tract of man, usually designated by the term 
“Common Cold,” cases of which were occurring at about this time. 
With the filtered washings derived from patients suffering from this 
type of infection, Dochez and his coworkers could communicate to apes 
experimental common colds which resembled closely the human dis¬ 
ease. Furthermore, no such reactions were obtained with the secretions 
from healthy persons, free from upper respiratory infections. From the 
filtrates in all positive experiments, the investigators have been able to 
cultivate a Gram-negative anaerobe of Group I of pneumosintes-like 
organisms. On the other hand, they have cultivated another type of 
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the “group^’ microorganisms from 6 of 8 filtrates derived from the 
nasopharyngeal secretions of healthy persons. These results, to which 
reference will be made again later, also indicate that one type may 
prevail in filtered secretions, and, as has already been shown (33), that 
certain “group^^ organisms may be found in health. In general, the 
results of Dochez and his coworkers agree with the prior conclusions 
of Dr. McCartney and myself obtained from inoculation experiments 
in man (33). 

The bacteriological observations recently reported by Falk and his 
coworkers (34) and based on cases of upper respiratory infections oc¬ 
curring during the epidemic of 1928-1929 have revived interest in the 
etiological significance of green-producing streptococci. The cocci 
have been previously implicated as the incitant of influenza by Mathers 
(35) in 1917, by Tunnicliff (36) in 1918, by Rosenow (37) in 1919, and 
by Thomson (38) in 1929, but as yet these prior investigations have 
not been generally accepted as pointing to a solution of the problem. 
On the other hand, Falk believes that he has added evidence in support 
of the etiological r61e played by the streptococci. The evidence con¬ 
sists mainly of the recovery of 2 groups of serologically dissimilar 
cocci—one pleomorphic and the other monomorphic—obtained 
from influenza material, which produce pathogenic effects in lower 
monkeys and in man, a specific toxin, and specific agglutinin response 
against them on the part of recovered patients. 

The Present State of the Problem of Etiology 

Although considerable effort has been expended on the study of the 
identification of the causal agent of epidemic influenza, the present 
time finds the problem still unsolved. There are several factors which 
contribute to the existing confusion, and the outstanding difficulty 
arises from the necessity of selecting cases of undoubted acute influ¬ 
enza. There has been in the past frequent failure to recognize influ¬ 
enza as a specific, primary disease, and therefore to consider the various 
bacterial pneumonias that develop in lungs injured by the influenzal 
agent as secondary infections. Moreover, the primary, uncomplicated 
disease is usually mild and transitory; so that unless the incitant is 
sought in the early hours, it may become masked, or even supplanted 
by associated organisms. Furthermore, in view of the rapid and 
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extensive spread of influenza during pandemics, it becomes difiicult to 
select for control observations, cases of perfectly healthy individuals 
who have never suffered from the disease. Finally, to add to the con¬ 
fusion, a clear clinical distinction has not always been made between 
primary, uncomplicated, epidemic influenza and many different types 
of upper respiratory infections, such as common colds, acute rhinitis, 
acute bronchitis, and other indefinite conditions, which may simulate 
a true influenzal attack. 

Hence there are three different agents for consideration and for 
future study of their precise relation to the cause of epidemic influenza: 
(a) Pfeiffer’s bacillus, or other ordinary bacteria which are normally 
inhabitants of the upper respiratory tract; (b) a true filterable or ultra- 
microscopic virus, and (c) Bacterium pneumosintes or the group of 
pneumosintes-like organisms. 

In the case of Pfeiffer’s bacillus, the opinion is widespread that it 
plays the r61e of a secondary invader for the reasons which have al¬ 
ready been mentioned. Yet there are still a number of investigators 
who believe that it is the sole exciting cause of primary influenza. 
The more or less ubiquitous occurrence of the bacillus need not neces¬ 
sarily indicate that it is not the incitant of the disease, for some inves¬ 
tigators hold that from time to time its invasiveness and virulence in¬ 
crease to the point at which the organism becomes capable of inducing 
epidemics (39). Furthermore, many types of the bacillus have been 
discovered (40) since the original work of Pfeiffer, whose investigations 
opened up for study the vast field of hemophilic bacteria. It is 
thought by some that only a special type of pfeiffer’s bacillus is in¬ 
volved in the causation and wide dissemination of influenza, and fail¬ 
ure to realize this has led to confusion in interpreting experimental 
results. Others believe that symbiosis with other organisms, such as 
streptococci or the individuals of the aerobic flora of the oro-naso- 
pharynx, is necessary for the growth and increase in virulence of 
Pfeiffer’s bacilli (41). An important contribution to the subject of 
specific pathogenicity of Pfeiffer’s bacilli was made by Blake and Cecil 
in 1920 (42). They employed a culture ultimately derived from a 
case of influenzal pneumonia, which had lost its virulence by prolonged 
artificial cultivation. Its virulence was restored by 11 successive pass¬ 
ages in the mouse followed by 13 successive intraperitoneal passages in 
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the monkey. Nasal inoculation of monkeys with the altered culture 
induced an infection which Blake and Cecil regarded as essentially iden¬ 
tical with influenza with respect to its clinical course, symptoms, and 
complications. Later, intratracheal inoculations of 10 monkeys with 
this organism induced in 7 a hemorrhagic bronchopneumonia similar 
to the spontaneous pneumonia ascribed to the action of Pfeiffer's 
bacilli. The investigators infer, but do not definitely conclude, from 
the experimental results that the bacillus is the cause of influenza. 
But Jordan (39) explains the results by regarding the organism as a 
common secondary invader, inducing its characteristic effects which, 
in turn, obscure those of the primary incitant. Additional study is, 
however, necessary to show whether or not this, and the other beliefs 
mentioned are valid. 

There are still others who assert that should the incitant of influenza 
prove eventually to be filterable, then Pfeiffer's bacillus need not neces¬ 
sarily be excluded from playing the role of causal agent, since it, also, is 
filterable. Pfeiffer, Prausnitz, Happe, and Dujarric de la Riviere 
(43) have shown experimentally that either granules in association 
with the bacillus, or the microorganism itself, might traverse the walls 
of the more porous Berkefeld and Chamberland filters (LI and L2). 
Recent studies have proved that a distinction should be made between 
organisms which may traverse the more porous filters in numbers 
sufficient only to inoculate the filtrate and those which reach the 
filtrate in almost undiminished concentration (Mudd (44)). For ex¬ 
ample, Bronfenbrenner and Muckenfuss have reported (45) that 
instead of representing a filterable stage in the life cycle of the bacteria 
which sometimes yield growths in filtrates, the secondary growths are 
the results of imperfection of the filter itself, or of faulty technique. 
Grinnell (46) has summarized his views on the subject as follows: 
“ . . . . the reported filtration of such organisms as streptococci, 
bacilli of the enteric group, diphtheroid bacilli and tubercle bacilli 
might be due rather to the passage of fragments of the bacteria in old 
cultures still capable of reproduction or to filtration in a particularly 
favorable suspension fluid than to the existence of a filterable stage in 
the life cycle of the organism." Hence in respect to its irregular filter- 
ability, Pfeiffer's bacillus appears to be no exception to the rule govern¬ 
ing ordinary bacteria. In this connection the pneumosintes-like 
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organisms are of a different order. They are ordinarily obtained from 
filtrates of nasopharyngeal secretions which are, as shown by cultiva¬ 
tion tests, free from familiar bacteria, including, as a rule, Pfeiffer’s 
bacilli. Mudd (44) believes that minute size or motility, characteris¬ 
tic of many of the pneumosintes-like organisms, is one of the impor¬ 
tant factors in effecting filtration. * 

Considerable attention has recently been given to the etiological 
significance of other ordinary bacteria of the aerobic flora normally 
inhabiting the upper respiratory tract. Of particular interest is the 
green-producing streptococcus. The fact that this organism ordina¬ 
rily leads a saprophytic existence in the upper respiratory tract, that 
it is widespread in occurrence without approved relationship to health 
or disease, and that it is so ubiquitous as to make its recovery even 
from the air a relatively simple matter (Olitsky and Long (47, 48)), 
would indicate that its real significance as the incitant is questionable. 
But here again the problem may eventually resolve itself, as in the case 
of Pfeiffer’s bacillus, in the implication of a particular, specific, patho¬ 
genic type. Since work on this subject is still in progress, judgment 
should be suspended until further proof is adduced. 

With respect to the second class of possible incitants of epidemic 
influenza, namely, filterable or ultramicroscopic viruses, as distinct 
from cultivable, filter-passing microorganisms, it may be said that 
practically all of the experiments (2-5, 49-54) dealt with the transfer 
of the infection from man to man or from man to monkeys by means of 
filtered secretions. Although the transmission experiments in these 
instances were successful, cultivation tests either were not done or 
were made in a desultory manner so that it is not clear at the present 
time whether the particular experimental findings support the belief 
either of a filter-passing bacterium or of a true, non-cultivable, ultra- 
microscopic virus as the respective incitants. It is therefore apparent 
that here again additional experimental evidence is necessary before a 
conclusion may be reached. 

The third class of possible incitants of epidemic influenza comprise 
the pneimiosintes type of filter-passing microorganisms. Dr. Gates 
and I still maintain our cautious attitude in respect to the precise 
relationship of these microorganisms to epidemic influenza. Those 
who realize the difficulties of the problem will support this viewpoint. 
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To be sure, it may be said in favor of Bacterium pneumosintes that it 
has been recovered thus far only from influenzal material. Apart from 
our findings, the organism has been obtained by Loewe and Zeman (55), 
in New York, from the filtered nasopharyngeal secretions of influenzal 
patients, and has produced a characteristic clinical and pathological 
picture when injected into experimental animals (56). Gordon (57), 
in London, also reported evidence of the same bacterium in 14 of 20 
influenza patients, and in 2 of 3 fatal cases. Lister (58), in South 
Africa, obtained 5 cultures of an identical anaerobe in 11 patients 
within 24 hours of the onset of epidemic influenza. He reported 4 
febrile reactions, 1 fever and leucopenia, and 1 case of typical influenza 
among 12 volunteers sprayed with unheated cultures, and no reac¬ 
tions among 6 volunteers sprayed with heated cultures. In addition, 
Nakajima (59), in Tokio, cultivated 2 strains from pharyngeal secre¬ 
tions and 1 from the lungs of a fatal case of influenza. In the same 
year, Seitz (60), in Zurich, observed masses of minute bodies in the 
respiratory exudates of influenza patients and grew them for a time 
in mixed sputum cultures. Detweiler and Hodge (61) obtained 3 
strains morphologically similar to Bacterium pneumosintes from filtered 
influenza material, 2 from lung filtrates and 1 from filtered nasopharyn¬ 
geal secretions. Subcultures failed to grow, so that identification was 
not completed. The work of Thomson and the 3 strains which he has 
isolated from influenza cases have already been mentioned (24). In 
1926, Hall (62) cultivated a strain of pneumosintes from the lungs of 
an animal experimentally infected with the secretions from a patient 
with typical epidemic influenza. Branham (19) reported the isolation 
of 4 cultures of either Group II or Bacterium pneumosintes from 3 
patients with influenza and from an apparently healthy subject. 
These failed to grow after the first to seventh subculture, so that dif¬ 
ferentiation could not be completed. The cultivation experiments of 
Pavlovic have already been mentioned (20). Finally, in 1929, Donadei 
(63) recovered from the nasopharyngeal secretions of a patient with 
influenza a pneumosintes-like organism which, before discernible culti¬ 
vation in Smith-Noguchi medium could be obtained, had to be passed 
through the lungs of 5 successive rabbits. 

In view of the uncertainty in identifying the different bacteria of 
the pneumosintes group, the question arises whether the microorganism 
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reported by the investigators just mentioned have been definitely clas¬ 
sified. This difficulty, and the discrepancy in the results of others who 
failed to cultivate any organisms of this t)rpe, show that the mode of 
procedure and the cultivation technique require further development 
and simplification.2 After a simpler procedure and a more satisfac¬ 
tory medium have been devised, the problem of the exact relation 
of the pneumosintes organisms to the causal factor of epidemic influenza 
may be solved. 


Common Cold and Epidemic Influenza 

Before closing the subject, a brief consideration will be given to 
the relationship of common cold to epidemic influenza. 

There has developed an opinion among several investigators, exem¬ 
plified notably by Townsend (41), that an intimate correlation exists 
between the common cold and epidemic influenza. “Although we 
speak of influenza and the common cold (epidemic coryzas or catarrh, 
which may be taken to mean one and the same thing) as separate 
entities, it seems to be impossible for investigators who study the 
epidemiology of both conditions to separate conclusively influenza 
from the minor respiratory disorders, of which the common cold is a 
notorious example” (Townsend). 

On the other hand, as Jordan (39) points out, epidemics of colds are 
related to weather and seasonal conditions, while pandemics of influenza 
are not notably so. Furthermore, the spread of colds is more limited 
in area and the rate of dissemination is slower; the age-specific mortal¬ 
ity rates are different; the mortality from pneumonia and from abor- 

^ In this connection it may be of interest to give the results of a recent experi¬ 
ence. Old Smith-Noguchi cultures of influenzal material, taken in 1926, (15) and 
at that time set aside as negative, were recently (September, 1929) re-examined. 
A series of tubes from a common source, namely, filtered lung tissue from a rabbit 
inoculated with influenzal secretions, showed typical, identified, and now actively 
growing B, pneumosintes. In other words, the original cultures were too uncertain 
for identification, and furthermore, the pneumosintes organisms therein survived 
without transplantation for a period of at least 3 years. Also, an additional strain, 
missed in 1923, and freed ultimately from contamination over a period of 5 years, 
is now in stock. The 1923 report (14) should therefore read 5, instead of 4, pneu¬ 
mosintes cultures isolated—the added culture being derived directly from the se¬ 
cretions of an influenza patient. 
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tion is specifically high in influenza. Finally, recovery from common 
colds does not leave a person resistant to a closely following attack of 
influenza (64). 

A sharp clinical distinction can also be drawn between cases of true 
epidemic influenza and common colds. It is not necessary to describe 
the symptom-complexes here, since this has already been done in a 
comprehensive way by Jordan (39) and others. Attention, however, 
may be focussed on the well-known, and measurable, sign in influenza, 
namely, the leucopenia and especially, the early hours, the depression 
in mononuclear cells (65). This condition is absent in common 
colds, in which the white blood cell count may be normal, or higher 
than normal with a tendency to an increase in polymorphonuclear 
cells. 

While the distinction between the two affections as they occur during 
pandemics or epidemics is sufficiently marked to permit definite diag¬ 
noses, no such characteristic differences may be revealed between 
severe common cold and mild influenza during inter-pandemic or inter¬ 
epidemic periods. It is such cases which add to the difficulty of the 
problem, as has already been pointed out. ‘‘But to identify as influ¬ 
enza all the sporadic cases, localized epidemics, and weather-condi¬ 
tioned outbreaks of clinically similar disease in inter-pandemic periods 
hardly seems justified’’ (Jordan (39)). 

A wide variety of different incitants has been implicated as causal 
agents of the common cold (39,41). 'fhe reports of Kruse (66) and of 
Foster (67) are of interest; these investigators have been able to pro¬ 
duce colds in man experimentally with the filtered nasal secretions 
obtained from patients having the disease in an acute form. McCart¬ 
ney and I (33) have also obtained similar results in experiments in man 
and we have shown furthermore that while organisms of the pneumo- 
sintcs group could be isolated from the spontaneous and the experi¬ 
mental disease, no one type could be, as far as our limited experience 
has shown, implicated as the causative factor. As mentioned earlier 
in this paper, however, one type of these microorganisms could be 
found prevalent and predominant in a group of patients studied at 
the same time. The results of the recent work of Dochez, Shibley and 
Mills (32) on anthropoids, already mentioned, are in accord with our 
findings on the transmissibility of common colds by filtered naso- 
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pharyngeal secretions and on the relation of the anaerobic, filter¬ 
passing flora to the natural and the experimental disease in man. 

The inference which may therefore be drawn from the experiments 
with filtered secretions is that one type of upper respiratory infection, 
usually designated as common cold, may be caused by a filterable 
agent. Whether the agent is a true ultranjicroscopic virus, or one of 
the filter-passing bacteria, remains to be determined.* 

CONCLUSIONS 

One may conclude from what has been stated in the preceding para¬ 
graphs that the question of the precise agent causing epidemic influ¬ 
enza cannot be, at the present time, definitely answered (68, 69). 

The confusion which now exists may be ascribed to a number of 
factors. One obstacle to overcome is the difficulty of distinguishing 
between the primary, uncomplicated infection and the secondary 
pneumonias which develop in lungs previously injured by the true 
etiological agent; the lungs in such instances show the marked differ¬ 
ences in histopathology resulting from the invasion of a wide variety 
of microorganisms. It should be mentioned that the different bacteria 
of ordinary species found associated with influenzal pneumonias are 
those which several investigators have at one time or another regarded 
as the primary cause of influenza. As compiled by Jordan (39), 
they comprise the Bacillus pfeifferi, pneumococci, green-producing or 
hemolytic streptococci, staphylococci. Micrococcus calarrhalis, mem¬ 
bers of the Pasteurella group, Friedlander’s bacillus, and finally, 
combinations of two or more organisms of the ordinary species (the so- 
called composite, or symbiotic infections). 

Another difficulty lies in the selection for study of a patient in the 
early hours of infection: the disease is transitory, the acute stage 
enduring for only a few days. As a rule, the patient comes to the at¬ 
tention of the bacteriologist when secondary invasion by ordinary 
bacteria has set in, which complicates, and perhaps suppresses, the 

* The recent studies of van Loghem (van Loghem, J. J., An epidemiological 
contribution to the knowledge of the respiratory diseases, J. Hyg., 1928-1929, 
xxviii, 33) should be consulted for his hypothesis. He regards common colds 
as non-contagious, commensal infections induced by changes in air temperature; 
influenza, however, is contagious and follows its own epidemic course. 
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primary incitant. Furthermore, epidemics occur explosively with the 
result that many cases may be offered for examination at about the 
same time and each cannot be studied in the most desirable way. Still 
another hindrance arises from perplexity in selecting, during widely 
spreading epidemics, individuals for control observation, that is, those 
who have not been attacked by the disease. Again, in respect to the 
subject of filter-passing anaerobes of the human nasopharynx, lack of 
a more simple, uniform and exact technique in collecting and cultivating 
material, and the absence of a precise taxonomy, are troublesome 
factors. Finally, experiments such as are made upon laboratory 
animals, including the lower monkeys, are hedged by impediments. 
Influenza is not known to occur naturally among them; hence the 
question arises when an experimental infection is induced as to whether 
it is or is not true influenza in the particular species involved. Many 
of these animals when taken from stock suffer from snuffles (70), as is 
the case with rabbits, or from this or obscure respiratory infections 
in the case of other animals. 

On the other hand, a survey of the recent work done on the subject 
of the incitant of epidemic influenza shows that in spite of all the diffi¬ 
culties which have been mentioned, considerable progress has been 
made. At the same time, the importance of influenza and related 
respiratory infections upon the communal well-being has been recog¬ 
nized with the result that the problem is receiving more attention by 
investigators than ever before. 

The advances made in this field relate to sharper definitions in the 
clinical and pathological pictures of influenza and other upper respira¬ 
tory infections and to the valuable epidemiological data of these af¬ 
fections. Furthermore, the large and important group of hemophilic 
bacteria, several members of which are definitely disease-producing, 
has been discovered, and the group of anaerobic filter-passing bacteria 
of the nasopharynx of man has been brought into light for examination 
for the first time. In addition, serious study is being given not only 
to the significance of each of the anaerobic and aerobic bacteria com¬ 
prising the flora of the upper respiratory tract in influenza and related 
infections, but also to the problem of what constitutes the ordinary 
bacterial inhabitants of the naso-oropharynx in health. Finally, with 
regard to the selection of an animal suitable for transmission experi- 
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ments, the recent work of Dochez and his colleagues has shown that the 
employment of anthropoids offers advantages which ordinary labora¬ 
tory animals do not possess. It is hoped, therefore, that investiga¬ 
tions in which apes are used as the animals of choice will make con¬ 
siderable progress toward the solution of . the problem. 

In the end, the expectation is that all obstacles will be eventually 
overcome and this in turn will lead to the goal of an exact knowledge of 
the etiological agent of epidemic influenza. 
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The only method which satisfactorily preserves neutral red in sec¬ 
tions of tissue supravitally stained is that reported by Cash (1)— 
or certain modifications of it—for the study of monocytes and epi¬ 
thelioid cells in the lungs of animals experimentally infected with 
tuberculosis. 

Cash slowly injected into the ear vein 15 cc. of a 1 per cent solution of neutral 
red, dissolved in normal salt solution. In this manner he secured a true supravital 
staining of the connective tissue cells of the lungs. Any damage to the cells brings 
about diffuse staining of cytoplasm and nuclei and obscures those structures which 
are significant in the so-called supravital reaction. It is an essential part of the 
technique, therefore, to secure this reaction first. 10 minutes after the injection 
the rabbit was quickly killed. Thin slices of the lungs were fixed in Zenker-formol 
solution for from 12 to 24 hours. These blocks of tissue were quickly dehydrated, 
without washing, in acetone, cleared in benzene or xylol, and rapidly embedded in 
paraffin. Thin sections were then stained with various dyes, avoiding alcohols 
and water as much as possible. This method gave uniformly good results with 
lung tissue. 

Prior to the experiments of Cash, Mejunkin (2) reported a method for staining 
tissue supravitally and embedding it in paraffin. He exsanguinated animals from 
the carotids under light ether anesthesia and then injected saline solution, satu¬ 
rated with neutral red, directly into the tissues. The tissues were fixed in a Zenker 
formol solution. Mejunkin states that the contact with the dye is irregular and 
that no observations can be made within the areas in which the cells are injured. 
Indeed, the weakness of the interstitial method of introducing the neutral red is 
the unevenness and uncertainty of obtaining a supravital reaction of the cells. 

Gardner (3) states that the technique of Mejunkin proved to be inapplicable 
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for use on lung tissue and he therefore modified the methods of Mcjunkin and 
Cash. He injected the dye solution either intratracheally or intravenously. The 
fixation was carried out in the same fluid as that used by Mcjunkin, except that 
the formaldehyde was carefully adjusted to a pH of 7.6 with sodium hydroxide. 
Gardner claims that the sodium has a specific mordanting effect upon staining. 

It is well-known that the supravital technique of staining monocytes 
in the blood or tissues is the most reliable method we have for the ac¬ 
curate differentiation of these cells from other cytological elements. 
Good descriptions of it can be found in the papers of Simpson (4) and 
Sabin (S). Forkner (6) has recently described in some detail the 
methods, as used in Dr. Sabin’s laboratory, of applying the technique 
to tissue cells. This description includes some minor modifications in 
the methods as originally reported by the above authors. Forkner 
(7) has shown that lymph nodes from certain areas of the body contain 
an abundance of monocytes, but that the exact relations of these cells 
in the tissues could not, by the methods then available, be demon¬ 
strated. The technique here recorded was elaborated for the study of 
this point. It has been found to be equally applicable for the study of 
all supravitally stainable cells throughout the body. The process of 
staining and rapid fixation was developed by the writer. The method 
of dehydration and embedding is a modification of that recorded by 
Cash (1), to whom I am indebted for suggestions in the development 
of this technique. 

Method 

Apparatus.—kn instrument which has been of great value in this work is a 
modified, self-retaining cannula. It is made by inserting a fish-hook (Fig. 1, a), 
the curve of which has been eliminated by heating and straightening (Fig. 1, 6), 
into the lumen of a No. 18 or 20 gauge transfusion needle in such manner that the 
barb of the hook protrudes over the edge of the needle, as shown in the accompany¬ 
ing figures (Fig. 1, c). About 1.5 or 2 cm. of the shaft of the hook lies within the 
lumen of the needle and if a slight bend is made in this shaft, it will retain its posi¬ 
tion within the lumen but can be removed for cleaning. When such a needle is 
inserted into the heart, or into a large vessel, the barb catches and prevents its 
coming out. In this way the labor, time, and trauma caused by the insertion and 
ligation of a cannula are avoided. 

A large pressure flask (about 5 liters) is tightly stoppered and connected by 
means of rubber tubing with three outlets (Fig. 2) to (1) a blood pressure pump, (2) 
an Erlenmeyer flask containing 500 to 1000 cc. of 0.6 per cent neutral red (GrUbler, 
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vital nach Ehrlich) in 0.9 per cent sodium chloride solution, and (3) Erlenmeyer 
flask containing 500 cc. of Zenker’s fixing fluid containing 15 per cent formalin and 
no acetic acid (Fig. 2). The flasks containing neutral red solution and the fixing 
fluid each has a glass tube extending to its bottom, in order that all the fluid can 
be pumped out when an increased pressure in the flask obtains. These glass tubes 



ABC 

Fig. 1. Diagram illustrating construction of special cannula for perfusion of 
small animals through the heart. 



Fig. 2. Apparatus used for staining of tissues and fixation of supravital dyes in 
cells of the entire body. 


are connected by about 1.5 meters of small rubber tubing to two of the outlets of a 
three way stopcock. The remaining outlet of the stopcock is connected by a 
short rubber tube to the barbed cannula, as above described 

Staining of Tissues with Neutral Red .—An animal (rabbit, rat, guinea pig) is 
anesthetized with ether and fastened, ventral side up, with cords to an animal 
board. A jugular vein is exposed and ligated at the end proximal to the heart. 
An ordinary cannula is inserted into the distal segment. The animal should now 
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be under deep anesthesia. Two routes may be used for injection of the neutral 
red. One can either insert a cannula into a common carotid artery, ligating the 
distal Segment of the artery, and inject the neutral red through the carotid artery 
into the aorta, or a window about 2 cm. square can be quickly made in the lower 
left chest near the sternum, care being exercised not to injure the lungs. With a 
pair of blunt forceps, the parietal pericardium is torn away, the apex of the heart 
held, and the special self-retaining cannula quickly inserted into the left ventricle 
and the neutral red solution allowed to pass into the heart, under a pressure of 
from 100 to 150 mm. of mercury. It is understood, of course, that the injection 
system must be free of air. At the moment of injection, the cannula in the jugu¬ 
lar vein is opened and the blood and neutral red solution are allowed to escape. 
The cords binding the legs are immediately released to promote a ready circula¬ 
tion through the entire vascular system. The perfusion proceeds for from 15 to 
25 minutes, at the end of which time the entire animal is deep red in color. The 
perfusion fluid should be warmed to from 38° to 40°C. and the rubber tubing carry¬ 
ing the fluid immersed in a vessel of warm water at this temperature. If the heart 
becomes greatly distended, an incompetency of the mitral valve results with a 
back flow of neutral red into the lungs through the pulmonary veins and consider¬ 
able fluid may thus escape through the trachea into the mouth. This may be 
avoided by clamping the trachea with a hemostat or by clamping off the left 
auricle. Likewise, intercostal or internal mammary arteries may be clamped off if 
excessive fluid is being lost. 

The amounts of fluid described above are for rabbits. For animals of smaller 
or larger size, the amounts can be more or less proportionate. Considerably less 
neutral red solution is required if one injects by way of the carotid artery instead 
of through the left ventricle. In the rabbit or larger animals, the injection through 
the carotid is the method of choice. With rats, mice, and all small animals, the 
route through the left ventricle is much more feasible and it is for these smaller 
animals that the special barbed cannula is especially adapted. 

Fixation of Neutral Red in Tissues .—After all of the neutral red has been passed 
through the circulation, the stopcock is adjusted so that the fixing fluid warmed to 
body temperature is injected immediately following the neutral red and through 
the same channels. About 500 cc. of fixing fluid perfused over a period of from 10 
to 20 minutes will reach every organ. The cannulae and all instruments are then 
immersed in running water to prevent tarnishing with mercury. Instruments 
made of nickel-steel are not as readily injured by the fixing fluid. Organs are now 
removed and small blocks placed in a vessel or vessels containing the fixing fluid, 
where they are allowed to remain for from 12 to 24 hours at room temperature. 

Dehydration and Embedding .—It is necessary that blocks be cut not over 2 mm. 
in thickness, in order that rapid dehydration can take place. Such blocks are 
dipped in tap water and blotted to remove the excess of fixing fluid. They are then 
carried through the following solutions, blotting gently after each step up to No. 7. 
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Solution 1. 

Absolute ethyl alcohol¬ 

-rinse for 1 minute 

it 

2. 

ic i< « 

5 minutes 

a 

3. 

Pure acetone 

20 » 

u 

4. 


20 

u 

5. 

tt tt 

20 

u 

6. 

Xylol 

20 

it 

7. 


20 

u 

8. 

56°C. Paraffin 

1-2 hours 

<( 

9. 

S6“C. “ 

1-2 “ 


The blocks are then embedded in 56®C. paraffin. 

Staining.—Th^ sections are cut from 4 to 10 microns in thickness, mounted on 
slides previously prepared with albumin fixative, and allowed to dry in a 37® in¬ 
cubator for 4 hours, or preferably over night. The sections on the slides can be 
excellently treated by the drop bottle method as follows: (1) Xylol to remove 
paraffin 10 to 20 seconds; (2) Absolute alcohol 5 seconds; (3) 95 per cent alcohol 3 
seconds; (4) 95 per cent alcohol containing 1 per cent iodine 15 seconds; (5) 95 
per cent alcohol several washings; (6) Absolute alcohol 5 seconds; (7) Clear in 
xylol; (8) Mount in balsam. 

With the above method the macrophages, monocytes, and other 
vitally stained cells will stand out beautifully with the identical appear¬ 
ance of these cells, as seen in supravitally stained films of living cells. 

An excellent counterstain can be employed after step (5) as follows: 

(6 a) Distilled water for just long enough to overcome surface tension (3 to 5 
seconds); (7 a) Goodpasture’s acid polychrome methylene blue, full strength, for 
from 2 to 7 seconds; (8 a) Rinse quickly with water; (9 a) 95 per cent alcohol 5 
seconds; (10 a) Absolute alcohol 5 seconds; (11 a) Xylol to clear; (12 a) Mount in 
balsam. Other methylene blue solutions may be used, but Goodpasture’s per¬ 
mits of rapid staining, docs not obscure the neutral red, and causes no troublesome 
precipitates. 

Another method which is probably better than any other for demon¬ 
strating and preserving the cytoplasmic structures in supravitally 
stained macrophages and monocytes, and at the same time giving a 
satisfactory nuclear stain and a beautiful staining of the reticulum- 
fibers is a modification of Foot and Menard^s (8) method for staining 
reticulum by silver impregnation. The method is carried out in ex¬ 
actly the same manner as described by Foot, except that the sections 
are not bleached. When stained in this manner, the neutral red is of 
course washed out or obscured, but all the cytoplasmic structures 
which are stained with neutral red become intensely black. The 
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monocytes, pre-monocytes, and macrophages show the typical char¬ 
acteristics, except that the cytoplasmic bodies are black. Detailed 
descriptions of these cells stained in the tissues by the above methods 
can be found in an accompanying paper (9). 

SUMMARY 

t 

A simple, rapid method for staining all the supravitally stainable 
cells in the body, as in supravital preparations with neutral red, is 
described, together with a method for faithful preservation of the dye 
in paraffin sections. The essential points of the technique are, first, 
to secure the reaction of cells to neutral red which corresponds to the 
so-called supravital technique, involving the reaction of only those 
substances which respond to the dye while the cell is living; and second, 
to preserve the stain through the processes of fixation, embedding, 
and counterstaining. 
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STUDIES ON BLOOD CYTOLOGY IN EXPERIMENTAL 
SYPHILIS OF THE RABBIT 

By LOUISE PEARCE 

(From the Laboratories of The Rockefeller Institute for Medical Research) 

The character of the blood picture in human and experimental 
syphilis as determined by the newer methods of cytological study has 
received little attention. This is surprising in view of the considerable 
interest aroused by the results of such studies in other conditions. 
In tuberculosis, for example, recent investigations by means of the 
supravital technique in which the cells are observed in the living 
state, have led to modified and even to wholly different conceptions 
of the nature of the disease process. Although it may fairly be said 
that these new interpretations have as yet not received general ac¬ 
ceptance, there can be no question that the observations themselves 
are of much significance in that they have been the starting point of 
new ideas and renewed discussion in a field of practical as well as of 
theoretical importance; namely, the nature of the defense reactions 
of the host under conditions of infection. In the case of syphilis, it 
was thought that the use of the supravital technique in the examina¬ 
tion of both blood and tissues might furnish information which would 
aid to a clearer understanding of some of the problems presented by 
this disease. 

According to most authors, a slight leucocytosis is usually found in 
the secondary stage of untreated lues, but as far as the differential 
white count is concerned, there is a diversity of opinion. Some 
writer^ have reported an increase in the proportion of the neutrophile 
cells while others refer to an increase of the lymphocytes. An eosino- 
phila has also been reported, and attempts have been made to relate 
its degree to the intensity of the cutaneous eruption. In the primary 
stage, the white count is reported as being normal or slightly increased. 
Cases of tertiary syphilis, certain authors state, rarely show an in¬ 
crease of leucocytes while the differential count is not far from normal. 
On the other hand, a leucocytosis with a high lymphocytosis has been 
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described in connection with the not infrequent severe anemia of the 
tertiary stage. It should be pointed out that the observations on the 
differential white cell count were obtained from dried blood film prep¬ 
arations stained by various dyes. As far as the red blood cells and 
the hemoglobin content are concerned, the general consensus of opinion 
appears to be that in the early stages of the disease, there is usually 
little change in the red cell count while in later stages there may be 
a more or less severe anemia, in which both the cells and the hemoglobin 
participate. Early in the course of the disease, however, before the 



Text-fig. 1. Consecutive red cell and hemoglobin determinations. Combined 
group results expressed as mean percentage deviations from pre¬ 
inoculation mean values. 


cutaneous eruption has appeared, a marked reduction in the amount 
of hemoglobin has been noted by many observers. 

In connection with our investigations on experimental syphilis, 
especially with reference to the factors concerned in the reaction and 
defense processes of the host and the effects of environmental factors 
on these processes, a study of the blood by means of the supravital 
technique has been made. In addition, this method has been utilized 
in the examination of syphilitic tissue. The results obtained from the 
blood examinations will here be summarized. 





Text-fig. 2. Consecutive total white cell, neutrophile, basophile, eosinophile, 
lymphocyte, and monocyte determinations. Combined group re¬ 
sults expressed as mean percentage deviations from pre-inocula¬ 
tion mean values. 
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In each of the five experiments under discussion, particular attention 
was paid to the clinical course of the disease, especially with regard 
to the incubation period of the primary and the metastatic testicular 
lesions, the location, extent, and persistence of generalized lesions, 
and the duration of the period of lesion activity as measured by the 
initiation of the condition of latency in which all disease manifestations 
have healed. Each experiment comprised a group of five to ten male 
rabbits, a total of 40 animals. The Nichols’ strain of Treponema 
pallidum was used and all inoculations were made in one testicle with 
a saline suspension of syphilitic tissue containing actively motile 
spirochetes. The rabbits were observed three to five months after 
inoculation. Taking into consideration the various features of the 
infection just mentioned, the disease in these experiments may be 
described in general terms as of considerable severity in two and of 
a mild character in three groups. 

Each blood examination included a total red and white cell count 
made with standardized pipettes, a hemoglobin estimation (Newcomer 
hemoglobinometer), and a differential white cell count in which one 
hundred cells were counted. The differential counts were made from 
supravital preparations stained with neutral red iodide. Before inocu¬ 
lation, each group received a variable number of examinations over 
a period of one to four weeks; after inoculation, the examinations 
were carried out at weekly intervals on the same day of the week. 
In each instance, the animals were examined at the same hour of 
the day and in the same order. All counts were made before feeding. 

The results of this study have been analyzed for the present pur¬ 
pose of a general summary, on the basis of a combination of the results 
obtained in each group (Text-figs. 1 and 2). Such a method of analysis 
has the disadvantage of modifying individual findings, certain of which 
may be especially important but, on the other hand, it represents in 
general terms the particular character of the results. Absolute num¬ 
bers of cells per cubic millimeter have been employed; the mean values 
of all counts for each animal before inoculation were used as a basis 
of comparison and the weekly post-inoculation counts have been ex¬ 
pressed in the form of percentage deviations from pre-inoculation 
values. The group results for each week were obtained by deter¬ 
mining the mean of the algebraic sum of the percentage deviations. 
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and these group values were then combined in the same manner. 
Because of variations in the time reactions of individual animals 
with respect to the initiation, the development and the duration of 
disease manifestations, the results for each two weeks have been 
grouped together. 

The findings with regard to the red cells showed that the counts were 
relatively unchanged or were slightly increased during the early stage 
of the disease, that is, during the period of active testicular lesions, 
and again during the height of activity of generalized manifestations. 
Subsequent examinations showed higher counts in certain cases. In 
the combined group results (Text-fig. 1), the curve representing the 
red cells shows a definite rise in these two periods. 

An increased hemoglobin content of 10 to 15 per cent above pre¬ 
inoculation levels was a constant finding in each group during the 
early stages of the infection. In one group characterized by severe 
syphilis of long duration, the rise continued during the five months' 
observation period and reached a level of a 25 per cent increase. With 
a milder disease, a lowered hemoglobin content was usually found in 
the later stages, accompanying a rise of the red cell count. In the 
combined group results (Text-fig. 1), the early increase of hemoglobin 
is well illustrated. 

A somewhat higher total white cell count, that is, 10 to 20 per cent 
above the pre-inoculation mean value, was generally found. In one 
group with mild syphilis, the level was practically unaltered. The 
increase occurred most frequently during the period of generalized 
manifestations, but in a group with severe syphilis, it was noted at 
the time of the development of the metastatic orchitis. The numbers 
of neutrophiles (psuedo-eosinophiles) were increased in a fashion 
similar to that of the total count, but the relative degree of change 
was usually slightly greater. These features are shown in the curves 
representing the combined group results (Text-fig. 2). 

The eosinophile cells were also increased. Due to the small num¬ 
bers of these cells in normal blood, the pre-inoculation mean values 
are more variable than is the case with the other cells, and any esti¬ 
mation based upon a count of one hundred cells involves an error of 
a similar greater magnitude. In each experiment, however, compara¬ 
tively large numbers of eosinophiles were found after inoculation with 
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r. pallidum and not infrequently the level of a mean group increase 
reached 40 to 125 per cent above the pre-inoculation value. There was 
a definite tendency, moreover, for high counts to be found during the 
height of the testicular lesions and again during the active period of 
generalized lesions. The curve of the combined group results (Text- 
fig. 2) shows the general character of the change in the eosinophile 
counts. 

The basophile cells of the several groups showed either compara¬ 
tively slight numerical increases or somewhat diminished values. The 
combined results, as illustrated by the curve in Text-fig. 2, brings out 
the fact that an increase occurred early in the course of the disease 
and again during the period of generalized lesions. In both instances, 
this rise preceded that of the eosinophiles at corresponding periods. 

It was found with respect to the lymphocytes that, in general, the 
number was not increased above the pre-inoculation mean and in 
certain groups, the count remained below this figure. In two groups, 
however, late in the course of the disease when the lesions were in 
process of regression and healing, an increase of 10 to 40 per cent 
above the pre-inoculation level as observed. The curve representing 
the combined lymphocyte findings for the several groups (Text-fig. 2) 
begins at a level well below the pre-inoculation mean and describes 
a fairly gradual rise to this value by the end of the observation 
period. 

In the case of the monocytes, the marked numerical increase which 
was found in each experiment was very striking, and mean group values 
as high as 150 per cent above pre-inoculation levels were observed. 
The monocyte, which is easily differentiated by the supravital neutral 
red technique from the lymphocytes, and is now considered to be a 
distinct entity with a presumably individual physiological significance, 
is the cell which is usually classified as the transitional and the large 
mononuclear in the ordinary dried film preparation. With rabbit’s 
blood, the number of monocytes is practically always smaller in a 
count made from a dried film preparation than in that made from a 
duplicate supravital specimen, due to the difficulties of identification 
and perhaps also to the destruction of a certain proportion of these 
cells. With human blood, the matter of identification is less per¬ 
plexing. 
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In these experiments, a change in the numbers of monocytes was 
generally found by the time the diagnosis of a primary orchitis was 
made and increased values of approximately 80 per cent above pre¬ 
inoculation levels were observed. The condition of edema of the 
inoculated testicle which occurs in certain animals approximately 
three weeks after inoculation was usually associated with a marked 
rise in monocytes. With the initiation of a metastatic orchitis and 
of generalized manifestations, and during the period of activity of 
genital and generalized lesions, large numbers of monocytes were 
observed in the circulating blood. Regression and healing of lesions, 
on the other hand, was accompanied by diminished numbers. The 
combined group results (Text-fig. 2) show the general character of 
these findings. 

A monocytosis has been observed in various diseases, as for example, 
tuberculosis, vaccinia, small pox, a malignant tumor of the rabbit, 
and virus III disease of the rabbit. It is reasonable to assume that 
some feature of the disease process common to these diverse conditions 
is associated with or responsible for the increased numbers of mono¬ 
cytes in the peripheral blood, and we have already suggested that 
the proliferative phase of the general reaction may be the feature in 
question (1). 

Examinations of syphilitic tissue by means of the supravital tech¬ 
nique, however, have shown few monocytes but large numbers of 
clasmatocytes. Similar observations have recently been reported by 
Morgan (2). It is possible that further studies of this character 
will yield information on the nature and function of these two cells, 
subjects which, at present, arc under lively discussion. 

This report represents a general summary of our completed ob¬ 
servations on the blood picture in experimental syphilis. It is ap¬ 
parent that before final conclusions arc drawn, the results must further 
be analyzed from the standpoint of the individual animal, taking 
into more precise account the time relations of the various phases 
of the disease. In addition, further observations under a variety 
of conditions should be made. At present, however, it may be said 
that in untreated experimental syphilis of the rabbit under the cir¬ 
cumstances of these experiments, the outstanding features of the 
blood picture are: (1) a slight increase in the number of red cells and 
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a somewhat greater increase in the hemoglobin content; (2) a slight 
increase in the total white cell count; (3) a slight increase in the num¬ 
ber of neutrophiles; (4) a marked increase in the number of eosino- 
philes; (5) unchanged or lowered lymphocyte values in the earlier 
phase of the disease with increased values during the period of re¬ 
gression and healing of lesions; (6) a very* marked increase in the 
number of monocytes throughout the period of disease activity. 
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BACTERIUM GRANULOSIS IN RELATION TO TRACHOMA: 
ITS RECOVERY FROM EXPERIMENTALLY INFECTED 
MONKEYS AND FROM HUMAN TRACHOMA 

By E. B. TILDEN, Ph.D., and J. R. TYLER 
{From the Laboratories of The Rockefeller Institute for Medical Research) 

Plate 26 

(Received for publication, June 13, 1930) 

Since Noguchi’s report in 1928 (1), reports have come from labora¬ 
tories in various parts of the world (Stepanowa and Azarowa in 
Kharkov (2), Finnoff and Thygeson in Denver (3), Addario in Palermo 
(4), Kendall in Chicago (5), Tilden and Tyler (6) and Olitsky and 
Tyler (7) in New York, and Lumbroso in Tunis (8)) of the isolation of 
Bacterium granulosis from trachoma and the reproduction in monkeys 
of granulomatous lesions of the conjunctiva such as were originally 
secured by Noguchi. It has now become desirable to assemble as 
many strains as possible of both European and American origin, in 
order that a comparative study can be carried out. Since the cultures 
survive for many weeks, even months, on the semisolid leptospira 
medium at ordinary temperatures, when sealed in ampoules, such a 
study is entirely feasible. 

Certain animals described in Noguchi’s monograph are still alive, 
years after inoculation, and continue to show the granulomatous 
lesions. The lesions in the chimpanzee ‘‘Louisa,” which reached 
their maximum development within a period of 8 months, have since 
remained stationary. Of the Macacus rhesus, No. 80 shows, at the 
end of years, complete healing, with scar tissue, in the left eye 
(Fig. 2), while the right lid still carries a few follicles. Two Macacus 
rhesus (Nos. 5 and 6) inoculated from Macacus 73 in February, 1928, 
continue to have pronounced lesions. In June, 1929, No. S showed 
a spontaneous exacerbation, with marked redness and lacrimation, 
the cornea becoming diffusely cloudy (Fig. 3). 
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The present report deals with the following experiments; (1) the 
further transmission (a) by animal passage, and (b) by inoculation of 
cultures, of the Albuquerque Strain 1, isolated by Noguchi from Indian 
trachoma in 1926; (2) the recovery of the organism from monkey le¬ 
sions, in their early stages, and also after they had persisted for a 
year or longer; (3) the isolation of new strains from cases of Indian 
trachoma, and (4) comparative cultural studies of the old and new 
strains and viability tests of the bacterium. The isolation of new 
strains was made possible through the cooperation of Dr. F. I. Proctor 
and the U. S. Indian Service. Fbr clinical assistance we are indebted 
to Drs. Polk Richards and J. F. Lane, of the Indian Service. 

1. Experiments with Albuquerque Strain 1 {Noguchi) 

(a) Transmission by Animal Passage .— 

The transfer of the infection from monkey to monkey was accomplished by 
means of tissue suspensions, the entire affected tarsal conjunctiva being removed, 
under ether anesthesia, ground in a mortar with a minimum quantity of isotonic 
sodium chloride solution, and injected subconjunctivally and also applied to the 
scarified conjunctiva, as described by Noguchi. 

The first passage from two monkeys injected with cultures by No¬ 
guchi in June, 1927, (Nos. 72 and 73) gave positive results in most of 
the animals inoculated (Table 1). The only exception was an experi¬ 
ment (9) in which the suspension from the right conjunctiva of No. 72 
was distributed among 15 animals. This diluted material failed in 
all but one instance to produce infection. With later passages from 
the same series the incubation period became longer and the positive 
results less frequent, and further transmissions were abandoned in 
favor of experiments with cultures. 

(b) Transmission by Means of Cultures. —Although the original 
cultures had been carried on artificial medium for a period of 2J to 
3 years, having been transplanted every 6 to 8 weeks, inoculation tests 
gave positive results (Fig. 4) in about one-third of the animals (Table 
2), showing that Bacterium granulosis may retain its pathogenicity 
for long periods of artificial cultivation. 
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TABLE 1 

Transmission of Albuquerque Sirain 1 by Passage 


Monkey 

Inoculated 

Incu¬ 

bation 

Result 

Remarks 


Date 

1 Material 

period 

1 Left* 

Right 



1927 


days 




1 

Dec, 9 

Conj. susp. 

13 

++ + + 

++++ 

Lesions persisted 1 } 



No, 72 N** 




years. Died 

2 

it 


13 

++ + + 

+ 

Lesions persisted 1 







year. Right eye 
negative until 11 
months after inoc¬ 
ulation 


I92S 






3» 

Feb. 10 

Coiij. susp. 


- 

- 




No. 73 N** 





4* 

« 

it 


— 

- 


5‘ 

a 

a 

66 

+++-f 

+ + + + 

Lesions still present (2 







years). Cultures 

recovered 

6‘ 

n 

i< 

45 



Receded in 1 month 

P 

i< 

it 


— 

— 



a 

it 

45 


+4-+4- 

Lesions on right still 







present. Cultures 
recovered 

9* 

it 

it 

33 

++++ 

4-+++ 

Lesions persisted 20 







months. Cultures 
negative. Died 

10» 

u 

it 


- 

- 


11 

u 

it 

66 

+++ 

4-+4-4- 

Lesions still present 







after 19 months. 
Cultures recovered. 

Dis( urdv'd 

12 

u 

it 

33 

++++ 

+4-4-4- 

Lesions persisted 16 







n'onths. Discarded 

13 

it 

it 

139 


+++ 

Lesions persisted 8 







months. Discarded 


* Inoculations are always made into the left conjunctiva under novocain an¬ 
esthesia (2 percent). 

** Numbers followed by N refer to monkeys inoculated by Noguchi, and proto¬ 
cols will be found in his report. 

^ Received 5 subcutaneous injections of heat-killed cultures of Strain 1 Noguchi 
on Jan. 9,13,17,24, and 31. 

* Received 5 intravenous injections of cultures of Strain 1 Noguchi on Jan. 9,13, 
17, 24, and 31. 
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TABLE i—Concluded 


Monkey 

No. 

Inoculated 

Incu- 

Result 




t>ation 



Remarks 

Date 

Material 

period 

Left* 

Right 


1928 


days 


f 


14 

Feb. 10 

Conj. susp. 

66 

+ + + 

+ + + 

Lesions persisted 14 



No. 73 N** 




months. Discarded 

IS 

u 

it 


— 

— 


16 

Mar. 9 

Conj. susp. 


— 

— 

Reinoculated May 16, 



No. 72 N 




1928 

17 

u 

a 


— 

— 

Died of tuberculosis 







May 16, 1928 

18 

<i 

it 

24 


+ 

Lesions persisted 15 







months, but did not 
progress further 

19 

Apr. 13 

Conj. susp. 


— 

— 




No. 2 





20 

n 

a 


— 

— 


21 

it 

a 


— 

— 


22 

u 

it 


— 

— 


16 

May 16 

Conj. susp. 

83 


+ + + + 

Died of tuberculosis in 



Nos. 86 N, 
79 N, and 
No. 1 




3 months 

23 

it 

it 


— 

— 


24 

it 

it 


— 

— 


25 

it 

it 


— 

— 


26 

it 

it 


— 

— 


“June” 

June 20 

Conj. susp. 

66 

+ + + 

+ + + + 

Lesions persisted 1 

chim¬ 


“Venus” 




year; disappearing 

panzee 


and 81 N 





31 

it 

« 

48 

— 

+ + 

Died in 4 months 

32 

u 

ti 

132 

+ + + 

— 

Lesions persisted 13 







months and re¬ 
mained unilateral. 
Discarded 

33 

1 it 

it 


— 

— 


34 

ti 

it 


- 

- 








TABLE 2 

Inoculations with Routine Subcultures of Bacterium granulosis (Strain I Noguchi) 


Monkey 

No. 

Inoculated 

Incuba¬ 

tion 

1 

Result 1 

Remarks 

Date 

Material 

period 

Left 

Right 

27 

1928 

June 12 

Cultures on 

16 days 


4-4-4-4* 

Lesions persisted 6 

28 

u 

horse 

blood 

and 

horse se¬ 
rum 




months. Cultures 

negative at 176 
days, transmission 
positive 

Discarded after 140 

29 


agar 

plus car- 



— 

days 

it 

30 

t€ 

bohy- 



— 

it 

‘Taulina” 

Aug. 8 

drates 
and on 
semi- 
solid 
medium, 

4 and 13 
days old 
Similar 

16 days 

4* 

4- 

Few follicles at border 

chim¬ 

panzee 

35 

36 

37 

38 

“Julia’» 

tt 

4i 

it 

it 

Nov. 21 

cultures, 

4 days 
old 

it 

it 

it 

it 

Similar 

i 

42 days 

+4* 

4-4- 

of tarsus. Did not 
progress further 

Few granules at bor¬ 

chim¬ 

panzee 

41 

it 

cultures, 

4 and 15 
days old 

it 




der of tarsus, and on 
tarsal plate. Did 
not progress further 
Discarded after 6 

1 

42 

it 

\ 

it 




months 

Discarded after 7 

43 

it 

it 

5mos. 

4-4- 

4-4- 

months 

Lesions receded after 

44 

it 

u 




2 months 

Discarded after 117 

61 

1929 

Jan. 24 

Similar 

11 days 

4-4-4-4- 

f-f-f 

days 

Lesions progressed for 

62 

<1 

cultures, 

6 days 
old 

ti 

11 days 

4-4- 

4-4- 

8 months. Cultures 
positive at 4 months. 
Few follicles remain¬ 
ing after 11 months. 
Discarded 

Transient lesions, dis¬ 

63 

it 

it 

11 days 

4-4-4- 

4-4-4- 

appeared in 4 months 
Died in 3 months 
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2. Recovery of Bacterium granulosis {Albuquerque Strain 1) from the 

Monkey Lesions 

The material used for isolation experiments was similar to that employed for 
direct passage. The basic medium was 2 per cent nutrient agar, adjusted to pH 

TABLE 3 


Recovery of Bacterium granulosis from Monkey Lesions 


Monkey No. 


Inoculated 

d 

o 

•u 

d 

Result 

Date cultured 


Date 

Material 

.o 

1 

Left 

Right 

1 

81 N 

. 1927 

Oct. 13 

Conj. susp. 

days 

89 

++++, 

++++ 

Dec. 5, 1928 

+ 

5 

192S 

Feb. 10 

^‘Louisa” 

Conj. susp. 73 N 

66 

++ + + 

++++ 

(390 days) 

Dec. S, 1928 

+ 

27 

June 12 

Strain 1 cultures 

16 

1 

++++ 

++ 

(299 days) 
Dec. 5, 1928 


8 

Feb. 10 

Conj. susp. 73 N 

45 

H“+"f+ 

++++ 

(176 days) 
Jan. 31, 1929 

+ 

12 

it 

a 

33 

+++ 

+++ 

(356 days) 
Jan. 31, 1929 

... 

46 

Dec. 5 

Conj. susp. No, 5 

47 

+++ 

+++ 

(356 days) 
Jan. 31, 1929 

+ 

9 

Feb. 10 

Conj. susp. No. 

33 

++++ 

++++ 

(57 days) 
Mar. 20, 1929 


11 

« 

73 N 

a 

45 

++++ 

+++ 

(405 days) 
Mar. 20, 1929 

+ 

18 

Mar. 9 

Conj. susp. No. 

24 

++ 

+ 

(405 days) 
Mar. 20, 1929 

- 

61 

1929 

Jan. 24 

72 N 

Strain 1 cultures 

11 

I++++ 

++++ 

(377 days) 

Apr. 5, 1929 

+ 

Chimpan¬ 

1927 

May 20 

Conj. susp. chim¬ 

28 

++++ 

++++ 

(71 days) 

May 8, 1930 

+ 

zee 

“Louisa^’ 


panzee ‘^Kitty*' 
(3d passage) 




(1083 days) 



1 Ay to each 100 cc. of which was added 12 cc. of defibrinated horse blood and 5 cc. 
of a Berkefeld V filtrate of a mixture of 10 per cent dextrose, 10 per cent saccharose, 
2.5 per cent mannose, 2.5 per cent levulose, and 2.5 per cent inulin. The con¬ 
junctival suspensions were smeared over the freshly prepared plates, which were 
then strapped with adhesive tape and incubated at 28°C. for 3 to 6 days. 
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TABLE 4 

Inoculation of Cultures Recovered from Monkeys 


Incubation 

period 



tnoculated 

Date 

Material 

1928 


Dec. 12 

No. 81 N cul- 

u 

tures, I gen., 

52 hrs. old, 


semisolid me¬ 
dium 

ii 

tt 


u 

No. 5 cultures, I 

ti 

gen. 52 hrs. 
old, semisolid 
medium 

u 

« 

u 


u 

1929 


Jar. 16 

No. 5 cultures, 12 

1 « 

days old, blood 
agar and semi¬ 
solid 

it 

t Jan. 24 

No. 5 cultures, 6 

; “ 

days old, blood 
agar and semi¬ 
solid 

« 

> 

it 

r « 

No. 81 N cul¬ 

J 

tures 6 days, 
blood agar and 

} “ 

semisolid 

it 

5 Apr. 3 

No. 8 cultures I, 

1 

II, III gen. 

ti 

B 

tt 


Result 

Left 

Rij;ht 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ 111 
+ 


+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ 

+ 

+ + + 

+ + + 

+ 

zt 

- 

- 


Discarded after 177 
days 

I.esions persisted 9 
months 


larked congestion 
and secretion noted 
65th day of disease 
(Fig. 5). Cultures 
(secretion) negative 


months. Still 

marked when ani¬ 
mal was discarded 


6 months 


months 

)ied of pneumonia, 
4 months 

Receding after 7 
months. Discarded 


Negative after 5 
months 
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TABLE 4— Concluded 


1 


Inoculated 


Result 





Incubation 

period 



Remarks 

•a 






Date 

Materia] 


Left 

Right 



1929 






52 

Apr. 3 

No. 46 cultures I, 

35 days 

++++ 

++++ 

Lesions persisted 7 



II, III gen. 




months 

53 

it 

a 


— 

— 


54 

t( 

a 

65 days 


++++ 

Lesions persisted 7 







months 

70 

it 

No. 61 cultures 

1-2 mos. 



Transient lesions 



III gen., blood 
agar and semi¬ 
solid 





71 

ti 

ti 

21 days 



Lesions persisted 6 


\ 





months. Discarded 

72 

it 

it 


— 

- 


73 

it 

it 

21 days 

+ + + + 

+ + + + 

Lesions persisting (10 







months) 

74 

May 17 

No. 11 cultures 


— 

— 

Discarded after 4 



blood agar and 
semisolid IV 




months 



gen. 





75 

it 

ti 


— 

— 

tt 

76 

it 

it 


— 

— 

tt 

77 

a 

tt 



- 

tt 


Cultures were recovered from 6 of 10 Macacus rhesus cultured, and 
from the chimpanzee ‘^Louisa/’ With one exception, these animals 
had all been infected by passage from other monkeys; one rhesus had 
received cultures. The periods elapsing between inoculation and cul¬ 
ture varied from 57 days to nearly 3 years (1083 days), and the length 
of this period seems to have had no relation to the success of recovery. 
The recovery of the organism from the chimpanzee 'Touisa^^ 3 years 
after inoculation shows that the organism may persist in the experimen¬ 
tal infection, as in the human disease, for a long period of time. 

The cultures recovered in some instances proved highly virulent 
(Fig. 5). 

3, Recovery of Bacterium granulosis from Human Trachoma Lesions 

(a) Fort Defiance Cases. —In May, 1929, an expedition was made to 
Fort Defiance, Arizona, where is situated one of the two special schools 
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which the United States Government maintains for the segregation 
of Indian children having trachoma. Five children who had been 
receiving daily treatment with copper sulfate or silver nitrate and two 
with advanced trachoma who had never received any treatment were 
selected for study. 

Case 1. K., female, probably between 7 and 9 years old. Has been in the 
school 1 year; had advanced trachoma when she came. Scar tissue present. 
Treated with silver nitrate daily from Sept. 1928 to Jan. 1929, since then with 
copper sulfate (until May 16). Tissue taken May 23,1929. 

Case 2. A. L., female, about 7 years old. Has been in the school 2 years. 
Had advanced trachoma when she came. Scar tissue present. Treatment as in 
Case 1. Tissue taken May 23,1929. 

Case 3. N. T. Y., male, about 8 years old. Has not been in the school and has 
had no treatment. Mostly scar tissue; few follicles along edge of tarsus. Portion 
of tissue showing follicles taken. 

Case 4. S., male, 7 years old. Conjunctivae covered with follicles, not much 
scar tissue. Has not been in the school and has had no treatment. Duration of 
disease unknown. 

Case 5. A. L., female, 12 years old. From St. Michael's school. Disease 
probably of 3 to 4 years duration. Upper lids show mostly scar tissue, but lower 
lids show follicles; tissue taken from lower lids. Treatment irregular. 

Cased. K. A., female, 10 years old. Trachoma of 5 years duration. Mostly 
scar tissue; few follicles. Treatment as in Case 1. 

Case 7. L. W., female, 9 years old. Mostly scar tissue, few small follicles. 
Duration of disease unknown. Treatment as in Case 1. 

The eyes were washed with sterile saline, and the follicles were removed by Dr. 
Richards after novocain anesthesia (2 per cent). The medium used was the same 
as that employed for cultivation from the monkey conjunctiva, except that some 
plates were made with human blood. The plates, which had been brought from 
New York in a humidor and protected to some extent from drying by being 
strapped with adhesive tape, were again closed with adhesive after inoculation. 
They were transported to New York in the humidor and were 9 days old when 
examined. 

Cultures of Bacterium granulosis were obtained from Cases 3 and 4, 
from the two cases which had received no treatment. The human 
blood medium appeared to be as satisfactory as that made with horse 
blood. The cultures were typical of Bacterium granulosis morpho¬ 
logically and culturally and induced the characteristic conjunctival 
lesions in monkeys (Table 6). Subsequently their action on carbo¬ 
hydrates was determined and found to conform with that of the 
Albuquerque Strain 1 of Noguchi. 
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(b) Santa Fe and Albuquerque Cases .—A second expedition to the 
Indian Schools was made in September, 1929. We are indebted to the 
Indian Service for providing facilities for the preparation of culture 
medium at the U. S. Indian Hospital in Santa Fe. No advanced un¬ 
treated cases of trachoma were available for cultural study either at 
Santa Fe or at Albuquerque, and experiments with treated cases 


TABLE 5 


Monkey 

No. 

Date 

Culture inoc. 

Incu¬ 

bation 

period 

Result 

Remarks 

Age 

Temp. 

Left 

Right 


1929 

days 


days 




[P-1 

June 15 

57 

4'’-6°C. 

73 

4-+4- 

+++) 

Lesions persisting (8 




44 




months) 




days 





P-2 

(( 

it 

it 

it 

+++ 

"f++ 

Died after 144 days 

[p.3 

(( 

« 

a 

it 



Died after 127 days 

P-4 

Sept. 28 

162 

4"-6"C. 


— 

— 





149 








days 





P-5 

a 

u 

a 


— 

— 


P-6 

a 

u 

a 


— 

— 



1930 







P-7 

Feb. 10 

297 

o 

1 

p 


— 

- 1 





284 








days 





P-8 

u 

u 

u 

8 

+ + 

+ + + +, 


P-9 

ti 

75 

Room 


— 

— 





69 








days 





[p-io 

tt 

it 

it 

8 





proved negative. It is of interest in this connection that a recent 
report of the Indian Service (10) shows a marked decline in the in¬ 
cidence of trachoma among the New Mexico (Pueblo) Indians, owing 
apparently to the systematic treatment which is being carried out in 
the Pueblo villages. 

(c) Leupp Cases .—Through the kindness of Doctors Proctor and 
Richards, in cooperation with Commissioner Rhoads, of the Indian 
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TABLE 6 

Inoculation of Bacterium granulosis from Fort Defiance Cases 



Inoculated 1 

Incu- 

Result 


Monkey No. 



bation 



Remarks 

Date 

Material 

period 

Left 

Right 



1929 


days 




F. D. 1 

June 10 

Cultures I gen. 

77 

+++ 

++++ 

Lesions progressed for 



7 days semi- 




3 months. Dis- 



solid II gen. 
blood agar 4 
days, Case 3 




carded 5 months 

F. D. 2 

It 

ti 


— 

- 

Reinoculated with 







pooled strains 

Cases 3 and 4 after 
5 months, -p + le¬ 
sions in 35 days 

F. D. 3 


it 

64 

+++ 

++++ 

Began to recede after 







2 months. Dis¬ 
carded 7 months 
after inoc. 

F. D, 4 

« 

it 


— 



Chiinpan> 

(( 

it 


- 


Rcinoculated with 

zee 

“May’* 






pooled strains 

Cases 3 and 4 after 
5 months. Nega¬ 
tive 


F. D. 5 

u 

Similar cultures. 

132 

+ + + 

+ + + 

Lesions progressed for 



Case 4 




2 months. Dis¬ 
carded 1 month 
later 

F. D. 6 

it 

it 

64 

+ + + 

+ + + + 

Lesions progressed for 







3 months 

F. D. 7 

a 

ti 

117 

+ 


Transient lesions 

F. D. 8 

it 

it 


— 



F.D. 9 

July 27 

Case 4 cultures 


- 

- 

Discarded after 


III,IV,Vgcn. 


- 

- 

months 

F. D. 10 

it 

7, 14, 19, 25 


— 

— 

it 

F. D. 11 

ti 

days semisolid 
med. and 

blood agar 




it 

F. D. 12 

Nov. 11 

Pooled cultures. 

35 

+ + 





Cases 3 and 4 
10 days semi- 
solid 





F. D. 13 

ti 

it 

35 



Died 78 days after 







inoc. 
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TABLE 6— Concluded 




Inoculated 

Incu- 

1 Result 


Monkey No. 



bation 



Remarks 

Date 

Material 

period 

Left 

Right 



J929 


days 




Passage 







from 

F. D. 3 

F. D. 14 

Aug. 16 

Conj. susp. No. 







F. D.3 





F. D. 15 

« 

u 


— 

— 


F. D. 16 


a 


— 

— 


F. D. 17 


it 


— 

— 



Service, a search for untreated cases of trachoma was made in the 
Navajo territory in Arizona, where systematic treatment has been less 
successfully applied because of the nomadic habits of the Navajos. 
It was found that at the Indian School at Leupp the treatment had 
not been carried out for at least 6 months, no physician having been 
on duty regularly. Thirteen cases were selected by Dr. Richards for 
study. Of these, 6 were cases of granular conjunctivitis of recent 
onset in which the diagnosis was not altogether certain, but in which 
there had been no treatment whatever, 5 were unquestionably tra¬ 
choma, and 2 showed evidence of the beginning scar tissue formation, 
indicating that they were in all probability trachoma. The clinical 
data are presented in Table 7. 

The follicular material used for inoculation of the culture media was removed by 
Dr. Richards, the eyes being first washed with sterile saline and the lids anesthe¬ 
tized with 0.5 per cent novocain. The usual medium was employed, Lc., blood 
agar plates containing horse or human blood and a mixture of carbohydrates. 
The latter ingredient was the mixture originally used by Noguchi (1). It had been 
sterilized fractionally for 10 minutes on 3 successive days at 103®C. in a pressure 
cooker. There was some sedimentation on cooling, and only the clear super¬ 
natant fluid was added to the medium. The plates, which were prepared in 
Santa F6 the day previous to their use in Leupp, were strapped with adhesive tape 
after inoculation and brought back to New York in a humidor. They were not 
opened until arrival in New York, 9 days after inoculation. The weather condi¬ 
tions on the day of inoculation were unfortunate, in that high winds prevailed, and 
much sand and dust blew in through the windows and skylight of the operating 
room, where the cultures were made, hence the plates were in most cases nearly 





E. B. TILDEN AND J. R. TYLER 


99 


overgrown with molds by the 9th day. A few, however, were less seriously con¬ 
taminated, and colonies of Bacterium granulosis were found to be present. The 
follicle suspensions were brought back to New York and fresh plates inoculated. 


TABLE 7 


Case 

No. 

Patient 

Age 

Diagnosis 

Remarks 

Culture 

1 

E. L. 

7 

Trachoma. Beginning 
scar tissue 

Fairly recent case. 
Treated last year 

- 

2 

M.N. 

9 

Doubtful no scar 

tissue) 

May be beginning tra¬ 
choma. Treated 

last year 


3 

P. T. 

7 

u 

May be beginning tra¬ 
choma. Treated 

last year 


4 i 

F. C. 

14 

Unquestionably tra¬ 
choma. Scar tissue 
present 

Old case. No treat¬ 
ment since last May 

+ 

5 

J. D. 

10 

it 

Old case. Treated last 
year 


6 

H. W. 

6 

Recent case; some evi¬ 
dence of beginning 
scar tissue formation 

Treated last year 


7 

M. C. 

9 

Recent case; some evi¬ 
dence of beginning 
scar tissue. Follicles 
in left eye only 

Treated last year 


8 

B. H. 

9 

Unquestionably tra¬ 
choma. Scar tissue 
present 

No treatment since last 
May 


9 

H. 

6? 

Doubtful (f.e., no scar 
tissue) 

No treatment 

+ 

10 

I. M. 

6? 


i( u 

— 

11 

K. W. 

7 

tt 

If u 

— 

12 

M. (Keems 
Canyon) 

9 

Unquestionably tra¬ 
choma. Scar tissue 
present 

<( u 


13 

E. M. 

10-11 

Doubtful (i.e., no scar 
tissue). Right eye 
only affected 

u u 



From the 4 cases which were regarded as unquestionably trachoma, 
Bacterium granulosis was obtained in 3. The organism was also ob¬ 
tained from Case 6, which showed evidence of early scar tissue forma- 
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tion, and from Case 9, which showed no scar tissue. The results of 
inoculation of the pooled cultures from Cases 5, 6, and 9 are recorded 
in Table 8. The lesions in Monkey L-6 are shown in Fig. 1. 

4, Cultural and Biological Characteristics of the Various Strains 

(a) Viability.—Bacterium granulosis remains viable for long peri¬ 
ods on the semisolid (“leptospira”) medium, and cultures 6 months 
old, kept at room temperature, with no other protection than the 

TABLE 8 


Inoculation of Bacterium granulosis from Leupp Cases 


Mon- 


Inoculated 

Incu- 

Result 1 


key 



bation 



Remarks 

No. 

Date 

Material 

period 

Left 

Right 



J929 


days 




LA 

Nov. 22 

Pooled cultures 


— 

- 




Cases 5, 6, and 9, 
I-II gen. semisolid 
med., blood agar 
plus carbohy¬ 

drates, and hor¬ 
mone agar plus 
carbohydrates 48- 
72 hrs. old 

1 


1 


L-2 

u 

it 

13 

+ + 

+-i-+-f 

at 74 days 

L-3 

a 

tt 

13 

+ + 

-f-i- 

a tt tt 

L4 

it 

it 


- 

1 

Died 13 days after 







inoc. 

L-5 

it 

ft 

13 

++ + + 

+-t-t-+ 

++++ at 74 days 

L-6 

n 

tt 

13 


++-I-+, 

++++ “ ‘‘ ‘‘ 


cotton plug, are readily transplantable. Even on a plain agar slant, 
on which the organism grows less readily, it has been found to remain 
transplantable for at least 49 days. It is probable that the bacterium 
lives as long as the medium contains a certain amount of moisture. 
Cultures kept in sealed ampoules for periods of 6 weeks to 10 months 
at 4° to 6°C., and for 69 days at room temperature, have proven 
viable and infective (Table 5). 

(b) Cultural Characteristics, —The cultural characteristics of the 
strains of Bacterium granulosis thus far isolated have been practically 
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constant. In Tables 9 and 10 are shown the results of fermentation 
tests of the original strain and of the six strains isolated by us from 
Indian trachoma, as well as seven strains isolated by Finnoff and 
Thygeson (3) and one by Kendall (5), which these workers kindly 
sent us. 

The tests recorded in Table 9 were made on Hiss serum water medium contain¬ 
ing 1 per cent of the respective carbohydrates and litmus (about 0.01 per cent of a 
25 per cent solution) as indicator, to which were added 10 per cent horse serum 
and 0.2 per cent horse hemoglobin; those shown in Table 10 were made on Dun¬ 
ham’s peptone water containing 1 per cent carbohydrate and 1 per cent Andrade 
indicator (0.5 per cent acid fuchsin to which normal sodium hydroxide is added 
until the dye is decolorized). With the latter media a definite acid reaction is 
evident in 3 to 5 days, the lactose being the only one of the carbohydrates affected 
which shows no reaction until after this period. The use of Durham tubes shows 
that no gas is formed in any of the carbohydrate media. 

Bacterium granulosis reduces nitrates to nitrites but forms no indole. 
It does not liquefy gelatin. 

It has been found that after a few subcultures, all the strains of 
Bacterium granulosis grow well on nutrient agar (veal infusion agar 
containing 1 per cent of Witte’s peptone and 0,5 per cent sodium 
chloride). The medium must be freshly prepared. Growth is more 
abundant if the agar is enriched by the addition of a carbohydrate mix¬ 
ture and horse blood or rabbit hemoglobin. A number of carbohy¬ 
drates has been added individually to the horse blood agar medium in 
a concentration of 2 per cent; of these, media containing dextrose gave 
the best growth. 

(c) Reaction to Gramms Stain .—Since Bacterium granulosis failed to 
retain an appreciable amount of the Gram stain (Sterling’s gentian 
violet) when decolorized for 2 minutes and counterstained with dilute 
fuchsin, Noguchi regarded it as Gram-negative. It may be noted that 
Morax (11) regards it as Gram-positive, and since he apparently does 
not make use of a contrast stain in his technique, his point of view is 
comprehensible. However, after a contrast stain, even one as weak as 
Bismarck brown, no Gram stain can be detected in young, actively 
growing cultures. In old cultures, or cultures grown under unfavor¬ 
able conditions {e.g.j in dextrose broth), numerous bizarre forms are 
seen which may retain the Gram stain. A form with an equatorial 
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swelling, suggesting a central spore, is not uncommon in such cultures 
and usually stains Gram-positive, especially in the central portion. 

(d) Effect of Heat.—Bacterium granulosis is rather sensitive to heat¬ 
ing, being killed by exposure for 10 minutes to a temperature of 57°C. 
The thermal death point was tested by submerging sealed ampoules 


TABLE 9 

Fermentation Tests. Hiss Serum Water Medium 



F. D.3 

F. D. 4 

L.5 

L.6 

L.9 

Kendall 

Dextrose. 

+ 

+ 

+ 

+ 

+ 

+ 

Levulosc. 

+ 

4- 

+ 

4- 

+ 

4- 

Mannose. 

+ 

+ 

+ 

4* 

+ 

+ 

Saccharose. 

+ 

•f 

+ 

4- 

4- 

+ 

RafTinose. 

+ 

+ 

1 — 

4- 

4- 

— 

Inulin... 

H- 

-f- 

- 

- 

- 

4- 

Galactose. 

+ 


+ 

4- 

4- 

4- 

Maltose. 

+ 

+ 

+ 

4- 

+ 

+ 

Salicin. 


•f 

+ 

4- 

4- 

4- 

Xylose. 

+ 


+ 

4- 

4- 

4- 

Mannitol... 

+ 

+ 

+ 

4- 

4- 

4- 

Dextrin. 

+ 

-f 

•f 

4* 

4- 

4- 

Arabinosc. 


+ 

+ 

4- 

4- 

4- 

Amygdalin. 

+ 

+ 

+ 

4- 

4- 

4- 

Lactose. 

+ 

■f 

+ 

4* 

4- 

d= 

Dulcitol. 

— 

— 

— 

- 

— 

— 

Rhamnose. 

- 

- 

4- 

4- 

4- 

4- 

Trehalose. 

— 

— 

4- 

— 

— 

4- 

Sorbitol.:. 

— 


— 

- 

— 

— 

Inositol. 

— 

— 

— ! 

— 

— 

— 

None. 

— 

— 

— 

— 

— 

— 


+, color of indicator changed to red. No coagulation. 

—, no change in color of indicator. 

Readings recorded were made at 9 days. No change occurred after this time, 
and the tubes were discarded at 14 days. 

F. D. = Fort Defiance. L. = Leupp. 

containing 0.5 cc. of a rich culture (5 days old on the semisolid medium) 
in water at temperatures varying from 52°C. to 65°C., and 5 and 10 
minute exposures were made at each temperature. The whole amount 
of the heated culture was transferred, immediately after the heating, 
to fresh semisolid medium. 
























TABLE 10 

Fermentation Tests. Dunham^s Peptone Water Medium 
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+ + +-f 


+ + “f 4- 



F.D. 4 

4" 4“ 4* 1 4“ + i i 4-4-i + i4- 
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4-4-4-^ 4-4-4:4:4-4-:{:4- 

D. 7 

4“ 4-4* 4* 4“ 4" 4-4“ 4-4-4- 1 4- • 

4-4-4-4-ii4-4“4-4-4-4-4-Jii,4*i| • 
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Q 

++++ ++++++++ ++ 
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D. S 
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< 

P 

i + + + 4 -+ i++ + 

T + + + 1 -H t + t + + + + + + 1 + 1 1 1 

X+++ ++ 4 :+++ 
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+ + + + 4. + t + + + 

++++ 1 +t+t++++++ 1++11 
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P 
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(e) Effect of Cocaine, —The organism is also sensitive to the action of 
cocaine hydrochloride, being killed in 5 minutes by 4 and 5 per cent 
solutions, and in 15 minutes by weaker solutions (2 and 3 per cent). 
Similar concentrations of procaine hydrochloride (novocain) have no 
inhibitory effect on its growth. In obtaining material for cultivation, 
therefore, it is desirable to avoid long exposure to high concentrations 
of cocaine. 

SUMMARY AND CONCLUSIONS 

One of the strains of Bacterium granulosis isolated by Noguchi in 
1926 has been maintained in culture and in monkeys and continues to 
be capable, after 3 years, of inducing a chronic granular conjunctivitis 
in monkeys. Cultures of this strain have been recovered from the 
monkey lesions as late as 3 years after inoculation and have been 
shown to reproduce the granular disease in monkeys. 

Six additional strains of Bacterium granulosis have been isolated 
from cases of trachoma occurring in the Indian schools of Arizona. 
The cultures thus obtained are identical morphologically and culturally 
with those isolated by Noguchi and have induced the same chronic 
granular conjunctivitis in monkeys. Advanced untreated cases are 
more favorable for cultural study than treated cases. 

Cultures of Bacterium granulosis kept on semisolid medium contain¬ 
ing 10 per cent rabbit serum (“leptospira medium^O remain viable 
for many months at room temperature, and sealed ampoules of such 
cultures have been found to retain their pathogenicity for the monkey 
conjunctiva for at least 69 days at room temperature and at least 
284 days at 4° to 6®C. 

Several additional cultural and biological characteristics of Bac- 
terium granulosis have been described. Of outstanding importance 
is the fact that cocaine, in contradistinction to novocain, has a bacteri¬ 
cidal effect on the organism. This fact, in view of the common use of 
cocaine for anesthesia, may explain the negative results of cultivation 
experiments reported by some workers. 
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EXPLANATION OF PLATE 26 

Fig. 1. M. rhesus L-6, 19 days after inoculation with pooled cultures from 
Leupp cases. 

Fig. 2. M. rhesus 80, 2^ years after inoculation (1), showing presence of scar 
tissue. 

Fig. 3. M. rhesus 5, 1^ years after inoculation, when the lid showed renewed 
activity of the lesions, and the left cornea became diffusely cloudy. 

Fig. 4. M. rhesus 61, 57 days after inoculation with routine subcultures of 
Albuquerque Strain 1. 

Fig. 5. M. rhesus 51, 65 days after inoculation with cultures recovered from 
M. rhesus 5. 
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THE KILLING OF CERTAIN BACTERIA BY X-RAYS 

By RALPH W. G. WYCKOFF, Ph.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

Plate 17 

(Received for publication, May 24, 1930) 

The experiments to be described are an extension to soft X-rays 
of those^ previously made with cathode rays. They consist 
essentially of studies of the time rate of killing of single bacteria 
by the general radiation from a tungsten tube operated at low voltage 
and by the characteristic K-radiation of copper. 

EXPERIMENTAL 

The organisms B, coli and B. aertryke were chosen for these observations because 
they readily give the distribution of single cells that is needed if statistical counts 
are to have meaning. The bacteriological procedures were identical with those 
already described. As before, standard cultures were provided by Dr. L. T. 
Webster of this Institute. Spreads of single bacteria upon the surface of agar (ca 
200 organisms per in 2) were irradiated before multiplication could take place. 
After incubation, counts were made of the number of colonies growing out upon a 
stamped irradiated area and upon an equal and adjacent control area marked at 
the time of irradiation. From these data survival ratios have been calculated 
which, together with measurements of the X-ray intensity striking the agar plate, 
can be made to give information concerning details of the killing action of the rays. 
In order that the survival ratios obtained in this way should refer to enough 
organisms to be statistically significant, results from many plates have been 
averaged. 

In the first group of experiments the X-rays used were the unfiltered 
general radiation from a Siemens Bucky tube having a tungsten target 
and a Lindemann glass window. The voltage across this tube was 
ca 12 KV peak and was provided by the unrectified output of a suitable 
transformer. A steady current of 8 MA was obtained by heating the 

1 Wyckoff, R. W. G., and Rivers, T. M., J. Exp. Med., 1930, 51, 921. 
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KILLING OF CERTAIN BACTERIA BY X-RAYS 


cathode filament with an insulated storage battery. ITie bacteria 
were distant approximately 8 cm. from the tungsten target. Because 
of the long exposures required to give a sufficient killing action, only 
about 25 plates were irradiated in a day. Since the ratios of Table I 
and Text-fig. 1 are each averages of the counts upon 20 to 60 plates, 
several days were devoted to each experiment. These results ob¬ 
viously fall upon straight lines when plotted on semilogarithmic paper. 


TABLE I 

Survival Ratios with Bucky Tube 


Time 

Survival ratios 

B. colt 

B. aertryke 

2 min. 

0.750 

0.768 

3 « 

— 

.661 

4 “ 

.526 

.578 

5 " 

.416 

.490 

6 « 


.466 

8 ** 

.201 

.329 

10 “ 

.146 

.274 

12 “ 

.087 


14 

.064 

.175 


The survival ratios must therefore be expressed by an equation of the 
type 



Estimates of the intensity of the X-ray beam were made by measur¬ 
ing with a suitable chamber the ionization of air at the position of the 
irradiated bacteria. Subsequent experience has indicated that satura¬ 
tion currents were not obtained in these first experiments. No new 
determinations have been carried out because the general radiation 
of long wave length which constitutes the major output of a Bucky 
tube is poorly adapted to calculations of the mechanism by which 
cells are killed. It should be noted that the experiments of this group 
with B. coU and with B. aertryke were made under sufficiently different 
conditions so that no significance attaches to the relative killing rates 
found. 
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No commercially available electron-type X-ray tube supplies a 
monochromatic beam intense enough for experiments on the killing 
rates of bacteria. The self-rectifying gas tube developed in this 
laboratory and described^ elsewhere is, however, suitable for this pur¬ 
pose and, equipped with a copper target, has been employed in a 
second series of experiments with B, coli and B. aertryke. 



Text-Fig. 1. A plot of the survival ratios resulting from the use of soft genera 
radiation from a tungsten target X-ray tube (Table I). 

In some instances the radiation from this tube has been filtered only by the 
0.001 inch aluminum forming its window; in others a thickness of 0.0009 inch 
metallic nickel foil was interposed between the bacteria and the target. This filter 
cuts down the general radiation and eliminates 99 per cent of the K-/3 line at the 
same time passing half of the K-a doublet. The tube was operated at about 4 
MA and 34 KV peak (unrectified wave). During a single series of experiments 
the variations in the current through the tube were less than 0.1 MA and its out¬ 
put of X-rays was found to be steady to within 1 per cent. 

* Wyckoff, R. W. G., and Lagsdin, J. B., Radiology, July, 1930, 15, 42. 
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Each series required the exposure of about 100 plates, the results of 
which were averaged to give the survival ratios of Tables II and III. 
As Text-figs. 2 and 3 indicate, these ratios fall upon straight lines 
when plotted on semilogarithmic paper. Such a result agrees with the 

TABLE II 


Survival Ratios with Unfiltered Copper Radiation 


Time 


Survival ratios 


B. coli (1) 

B. coli (2) 

B. coli (3) 

B. a$riryk§ 

5 sec. 

— 

0.749 

— 

— 

10 

— 

.617 

0.645 

0.793 




.548 

.583 

30 « 

.233 

.206 

.422 

.387 

40 “ 

.167 

.154 

.344 

.349 

SO « 

.112 

— 

.265 

.270 

60 “ 

.100 

.089 

.193 

.234 

Ionization cur- 
rent/scc./ 
cm.*. 



144.2 e.s.u. 



TABLE m 


Survival Ratios with Filtered Copper Radiation 


Time 

Survival ratios 

B. coli (1) 

B. coli (2) 

B. aerlryke 

20 sec. 

0.667 

0.711 

0.804 

40 “ 

.367 

.574 

.523 

60 “ 

,345 

.362 

.391 

90 

.182 

.291 

.211 

120 

.109 

.212 

.189 

Ionization current/ 




sec./cm.*. 

— 

67.2e.s.u. 

67.2 e.s.u. 


experiments of Holweck* and Lacassagne® on B, pyocyaneus with silver 
L-radiation. 

The experimental arrangement is shown in Fig. 1. During use the stamping 
device for the standard area A and the irradiated area B replaced the diaphragm 

® Holweck, F., Compt. rend,^ 1929,188, 197; Lacassagne, A., Compt. rend.y 1929, 
188,200. 
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C under the X-ray tube D. When set up, the tube D was carefully centered with 
the aid of a fluorescent screen to insure that the X-ray beam covering B should 
be uniform. A Petri dish carrying the desired number of bacteria spread upon its 
agar surface was placed on the stand E and raised by the remote control rod F 
until the knife edges of A and B cut through the agar. On opening the metal 
shutter G, the surface marked by B could then be given an exposure of desired 
length. After lowering E, it and the dish were removed with the help of F. This 
remote control was needed because the X-ray tube itself operated continuously 



Text-Fig. 2. A plot of the data obtained by irradiating B. coli and B. aertryke 
with Altered copper rays. The small open, large black, large open and small 
black circles refer to experiments (1), (2), (3) and (4) of Table II. 


throughout the entire experiment. When in use, the tube was covered by a lead 
housing such as that shown at H and during exposures the door K was kept closed. 
These precautions are essential to the safety of the experimenter. 

The intensity of the X-rays striking the bacteria spread on the agar 
surface was obtained from measurements of the amount of ionization 
in air produced by these rays. Because of their absorbability, it was 
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considered inaccurate to employ for this purpose a small enclosed type 
ionization chamber. Accordingly, an open air chamber of standard 
design but of small size was made. Its over-all length was 7.0 cm. 
The actual length of the amber-insulated collecting electrode was 1.31 
cm., its effective length 1.39 cm. The grounded electrodes on either 
side were each 2.54 cm. long. All three electrodes were 3.8 cm. wide. 
The charged shield surrounding and facing these plates was 3.2 cm. 



Text-Fig. 3. A plot of data obtained by irradiating B. coli and B, aertryke with 
the same dose of unfiltered copper rays. The small black and large open circles 
refer to experiments (2) and (3) of Table III. 

distant. On account of the extremely great ionizing power of the X- 
rays used, saturation in a chamber of this type can be obtained only if 
beams of small cross-section are measured. The currents produced in 
this chamber were measured by the usual balance methods^ employing 

^See for instance, Makower, W., and Geiger, H., Practical Measurements in 
Radio-activity, London, 1912, 15. 
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a variable voltage and a standard condenser of known capacity. 
This capacity was obtained by comparison against a small standard 
condenser and checked by calculation from its accurately determined 
dimensions. 


The intensity of the X-rays striking a small area of the agar surface was found 
by replacing the stamping device AB of Fig. 1 with a small lead stop, C, having 
an opening 0.117 cm. in diameter. The air chamber was brought as near to the 
stop as possible (ca 3 mm.) and the ionization produced by the X-ray beam passing 
through it was ascertained- Knowing the length of the measured column of 
ionized air and its absorption coefl'icient under the conditions of temperature and 
pressure of the experiment and for copper rays, it is obviously possible to calculate 
the approximate ionizing power of the beam at the irradiated surface. A typical 
calculation will make clear the procedure followed and the approximations intro¬ 
duced. 

Area of stop in position of bacterium = 0.0107 cm.^ 

Height of air column the ionization of which is measured =* 1.39 cm. 
Corrected density of air = 0.001165 
Temperature = 26°C., Barometer = 747 mm. Hg. 

Absorption coefficient /i/p of air for copper radiation = 8.43 
Balancing voltage on potentiometer = 18.8 V in 20 sec. 

1 e.s.u. potential - 0.33 X 10"^ volts 

Measured capacity of standard condenser = 321.4 cm. 

Therefore the observed ionization current is 

18.8 X 0.33 X 10-* X 321.4 ^ 

= -—-^ 0.997 e.s.u. 


Since I/Io = where / is the length in centimeters of the absorbing column 
and lA = 8.43 X 0.001165, a column of air 1 cm. long will absorb 0.721 as much as 
a similar column of length 1.39 cm. Hence the ionization produced per second in 
1 cm. depth of air by the rays striking 1 cm.^ of irradiated bacterial surface is 
taken as 


i' X 0.721 
0.0107 


67.2 e.s.u. per cm.* per sec. 


The intensities of the X-rays used in each of the three final standard¬ 
ized experiments when expressed in the foregoing units are recorded 


in Tables II and III. 


Analysis 

Existing knowledge of the properties of X-rays and of the mecha¬ 
nism of their absorption in inorganic matter makes it seem inevitable 
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that their absorption in bacteria is a quantized process. Thus the X- 
rays incident upon a cell will either pass through without altering it 
or else they will give up one or more quanta whose energy content 
is connected with the wave length X of the rays through the familiar 
relation 


E == A y = A - 
c 

where h is Planck’s constant, v is the frequency of the rays and c is the 
velocity of light. It is known that a high velocity electron is liberated 
as a result of such an absorption. This electron gives rise to a chain 
of ions in the matter through which it passes and to X-rays which, in 
their turn, liberate more ions of less and less energy. The volume 
within which this cluster of ions resulting from a single quantum 
absorption is freed increases rapidly with the magnitude of the original 
quantum but, in matter having the density of a bacterium, it is at 
greatest only a very small fraction of a cubic millimeter. The changes 
X-rays produce in protoplasm are naturally identified with the phys¬ 
ico-chemical changes induced by this ionic shower. 

The physical consequences of the absorption of an X-ray quantum 
so closely resemble those attending the direct absorption of a high 
velocity electron that it seems permissible to treat the killing action 
of X-rays by the same statistical analysis which has previously been 
used in studies of the killing of bacteria by cathode rays. 

On this basis, the straight line obtained by plotting survival ratios 
upon semilogarithmic paper means that, on the average, the death of a 
bacterium is the result of the absorption of a single X-ray quantum. 
As the earlier analysis® has shown, survival ratios under these condi¬ 
tions can be calculated from the expression 



where t is the time and a is the expected, or average, number of quan¬ 
tum absorptions in unit time. 

A more intimate picture of the killing process is to be had from a 
study of this expected number of hits. Under conditions of satura- 

® Wyckoff, R. W. G., and Rivers, T. M., op. cit. 
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tion, the air ionization chamber measures the total number of ions 
produced by the quanta absorbed in a known volume of air. If the 
number of pairs of ions liberated by a single quantum can be judged, 
then the number of quanta absorbed in this volume of air is known. 
Furthermore, if the ratio of the absorption coefficients of air and of a 
bacterium can be estimated, the average number of quanta absorbed 
by a single bacterium in unit time is readily computed from the size 
and shape of the organism. This has been done for experiments with 
filtered and unfiltered copper rays. 

The following typical calculations based upon the standardized experiment of 
Table III B, aertryke will show how the average number of hits has been 
obtained and will make clear the approximations that have been introduced in 
the process. 

67.2 c.s.u. o 67.2 X 0.21 X 10'® ion pairs/scc. =* 1.411 X 10" ion pairs/sec./cm.* 

A small amount of radiation is absorbed in the air between the diaphragm C and 
the collecting electrode of the air chamber. This absorption is readily calculated 
from the dimensions of the apparatus and the absorption coefficient (m/p ~ 8.43) 
of copper radiation. With the resulting correction it is found that 1.46 X 10^^ 
ion pairs will be produced per second per cm.* at the position of the irradiated 
bacteria. In the absence of direct experimental knowledge of the absorption 
coefficient of protoplasm, the mass coefficients of air and of living cells are custom¬ 
arily assumed equal. If this assumption, which cannot depart far from the truth, 
is made, the amount of absorption in 1 cm. thickness of air is about 27.9 times that 
of one bacterium. Both the B. coli and the B. aertryke have been taken as rods 
0.5/i in diameter and 2/i long. Computation shows that to a first approximation 
one bacillus may be considered equivalent in absorption to a rectangular block of 
protoplasm 1 X 10“* cm. in area, 0.42/i thick and of unit density. From these 
quantities the average number of ion pairs absorbed per bacterium per second 
becomes 


1.46 X 10" X 1 X 10~‘ , . . , ^ . 

-- = 52.3 ion pairs/sec./bactenum. 

In order to obtain the number of X-ray quanta absorbed per second itisneces.sary 
to know how many ions are liberated when one quantum is absorbed m air. The 
best available measurements® indicate that for X-rays of the quality used in these 
experiments about 35 volts are required to produce each electron pair. The volt¬ 
age equivalent of the K-« lines of copper as computed from the familiar quantum 
relation 


® Kulenkampff, H., Ann, d, Physik^ 1926, 79, 97. 
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Voltege (in KV) - 12.34A(in A) « 12.34/1.537 

is 8.029 KV. From this the number of ion pairs arising through the absorption 
of one quantum of Cu K-a radiation is 

8029/35 « 229. 

The average number,«, of quantum absorptions per second then is 

52.3/229 - 0.228. 

The observed survival ratios in Table III lead to a straight line having the 
equation Ai/A© *= (Text-hg. 2). It will be noted that this experimental 

a - 0.0146 is much smaller than the a calculated from ionization measurements. 

DISCUSSION 

Accepting the foregoing type of analysis as an essentially correct, 
if rough, description of what happens when X-rays strike bacteria, the 
smallness of the ratio a /a when taken in connection with the linearly 
exponential character of the experimental results shows that though 
on the average the absorption of one quantum of these radiations is 
sufficient to kill a bacterium of either 5. coli or B, aertrykcy relatively 
few of the absorbed quanta are lethal. In the experiment just calcu¬ 
lated 0.0146/0.228 or about one in 15.6 kills. In the standardized 
experiment of Table II using B, coli one in 17.8 is deadly {a = 0.489, 
OL = 0.0274). This agreement is satisfactory since it is scarcely to be 
expfected that the results with filtered and unfiltered rays should be 
identical. 

The fact that so many quanta can be absorbed by a bacterium with¬ 
out causing death apparently means that the vital elements within the 
cell which can be destroyed by a direct quantum hit are much smaller 
than the cell itself. If the volume through which the quantum acts 
were negligible compared to that of the vital element of the cell and if 
there were only one such element in a bacterium, then the “sensitive 
volume^’ that would have to be hit in order to bring about death would 
be a /a. In the two standardized experiments with filtered rays this 
ratio is 0.064; in the series using unfiltered radiation it is 0.056. The 
spheres of action of these quanta cannot, however, be disregarded and 
the quantities a /a are to an important degree measures of these 
regions of quantum action. Furthermore, if, as seems natural, the 
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vital parts of the cell are identified with its chromatin material, more 
than one ^^sensitive volume^^ exists within it. It can nevertheless be 
concluded that the volume of the “vital elements’’ contained within 
one of the bacteria studied scarcely exceeds 0.05 of its entire volume. 
This estimate seems to be in serious conflict with the earlier conclu¬ 
sions of Holweck and Lacassagne with B. pyocyaneus. The published 
data are, however, too few to allow of a satisfactory comparison. 

Within the limits of experimental error there is no difference be¬ 
tween the sensitiveness of B, aertryke and 5. coli to copper K-radiation 
(Text-fig. 2). A similar result was found when studying the killing 
action of cathode rays upon them. 

Additional experiments are being carried out to ascertain in what 
way differences in X-ray wave length affect the killing of these 
organisms. 

Valuable help in the carrying out of these experiments has been 
given by Charles G. Porskieves. 

CONCLUSIONS 

Both copper K X-rays and the soft general radiation from a tungsten 
tube operated at 12 KV kill B. coli and B. aertryke in a linearly ex¬ 
ponential fashion. Within the experimental limits, the two organisms 
appear to be equally sensitive to these radiations. 

By making use of the fact that X-ray energy is absorbed in quanta, 
an approximate picture can be formed of the mechanism of this de¬ 
structive action. If the average numbers of quanta (a) absorbed per 
bacterium per second are calculated from measurements of air ioniza¬ 
tion using the quantities outlined in the text, survival ratios for these 
bacilli can be approximately represented by the equations 

Ai - 0.064 a / 


for filtered copper rays and 

Ai - 0.056 a I 
Ao " " 

for unfiltered copper rays (peak voltage = 34 KV). 
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In terms of the foregoing interpretation this means that when death 
results, it is caused by the absorption of a single X-ray quantum of 
energy. Since only about one in twenty of the absorbed quanta kills, 
the sensitive cell constituents whose destruction leads to cell death 
must have a volume which is less than 0.06 of the bacterium itself. 

EXPLANATION OF PLATE 17 

Fig. 1. A photograph of the experimental arrangement for irradiating bacteria. 



the journal of experimental medicine VOL. 62 


PLATE 17 










[Reprinted from The Physicai. Review, October 1,1930, Vol. 36, No. 7, pp. 1116-1120] 


THE ATOMIC SCATTERING POWERS OF NICKEL, COPPER 
AND IRON FOR VARIOUS WAVE-LENGTHS 

By RALPH W. G. WYCKOFF 

{From Ike Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 26, 1930) 

ABSTRACT 

Atomic scattering powers are measured for the atoms in metallic nickel, ':opper 
and iron when they are reflecting the Ka lines of molybdenum, copper, nickt^ and 
iron. These data show that the scattering power of an atom passes through a 
minimum at its K absorption limit and attains a maximum at, or near, its ^‘reso¬ 
nance” wave-length. The atomic F-curves of the nickel atom in metallic nickel 
and in NiO are practically identical. 

The data of this paper consist in measurements of the scattering 
powers of the metals nickel, copper and iron for the Ka lines of molyb¬ 
denum, copper, nickel and iron. Previous work from this laboratory 
with metallic copper and iron^ showed that the reflecting powers of 
an atom might be considerably different for different wave-lengths. 
Studies® of NiO have indicated that the scattering power of nickel 
decreases as the wave-length used approaches its K critical absorption 
limit from the high frequency side and that it rises again after the 
limit is passed. The following results^ suggest that this variation is 
generally to be expected. 

F-curves for metallic nickel have been measured using the Ka lines of 
molybdenum, copper, nickel and iron. The previous data from metal¬ 
lic copper and iron have also been extended through observations with 
copper, nickel and iron rays. The experimental procedures and the 
calculations leading to absolute F-values are the same^ as those which 

^ A. H. Armstrong, Phys. Rev. 34, 931 (1929). 

® R. W. G. Wyckoff, Phys. Rev. 35, 583 (1930). 

* cf. R. W. G. Wyckoff, Phys. Rev. 35, 215 (1930). 

^ A. H. Compton, X-rays and Electrons (New York, 1926), Chap. V; R. W. G. 
Wyckoff and A. H. Armstrong, Zeits. f. Krist. 72, 319 (1929). 
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have already been described. The Ka lines of molybdenum were 
obtained by filtering the beam from a General Electric diffraction 
x-ray tube through a Zr 02 filter; all other radiations were the un¬ 
filtered output of Siemens-Phoenix tubes equipped with appropriate 

TABLE I 


Relative Intensities of the Measured Powder Reflections from Metallic Nickel 




j Relative Intensities for I 


Plane 

Mo K —a 



Fc K—cc 

Cu K~a 

Ni K-a 




111 

374.6 

431.2 

412.4 

226.6 

200 

181.6 

192.1 

185.7 

1100] 

220 

[100) 

[100] 

[1001 


113 

102.9 i 

107.4 

— 

— 

222 

34.1 

32.0 

— 

1 

400 

— 

— 

— 

— 

133 

30.6 

— 

— 

-- 

240 

28.6 

— 

— 

— 

224 

18.3 

— 

— 

— 

3331 

115] 

18.5 

— 

— 

— 

220 of NaCI 

571.7 

107.7 

93.3 

49.1 


TABLE II 


Radiation 

Reflection 

Intensity of reflection 
(220, NaCI = 100) 

F for 110, Fe 

Cu K—a 

110, Fe 

51.9 

11.48 

. NiA-a 

110, Fe 

37.5 

9.77 

Fe K—a 

110, Fe 

609.2 

13.45 

Cu K—a 

220, Cu 

94.2 

— 

Ni K-a 

220, Cu 

88.4 

— 

MK-a 

200, Cu 

167.7 

— 

Fe K—a 

200, Cu 

153.7 

— 

Fc K-a 

111, Cu 

330.1 

— 


targets. Calculation showed, however, that none of the measured Ka 
reflections was, under the conditions of the experiment, contaminated 
by other wave-lengths. 

The specimens studied were chemically pure, powdered metals 
which were passed through a fine meshed sieve and formed into suitable 
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cakes by pressure applied in an ordinary vise. The surfaces of the 
preparations made in this way were filed and brushed before use in 
order to remove any superficial layer which might show a preferred 
orientation. Two samples each of nickel and copper, one of domestic 
and the other of foreign manufacture, gave concordant results. The 
iron used was an imported preparation of pure electrolytic metal. 

The relative intensities of the various measured reflections are 
listed in Tables I and II together with the intensities of (220) of NaCl 
which has served as standard. Since the absolute reflecting power of 
no crystal is known for any of the wave-lengths used except Mo A'a, 
it has, as before, been assumed that ^(220, NaCl) is independent of 
wave-length and equal^ to 15.62. Though this assumption is almost 


TABLIC III 

Absorption Coefficients Used in Calctdaling F-Values 





Absorbed Wave- 


Absorber 

Density 

Mo K—oc 

length 

Fc K—a 




Cu K-~a 

Ni K—a 


Nickel. 

8.90 

423 

432 

549 

825 

Copper. 

8.95 


468 

586 

886 

Iron. 

7.92 

— 

2556 

3124 

570 

NaCl. 

2.16 

18.0i 

161.2 

196.2 

306.* 


certainly not strictly accurate, it probably does not depart far from 
the truth. When absolute F^s shall have been detennined for these 
longer wave-lengths, it will be easy to shift the present results to 
conform with them. 

The A-valucs calculated from the intensity data of Tables I and II 
are dependent upon the absorption coefiicients that are used. Ex¬ 
perimental values exist for most of these coefiicients. Except for 
metallic copper when absorbing Cu Ka and metallic iron when ab¬ 
sorbing Ni Ka radiations, they are in satisfactory agreement with the 
values calculated by Jonsson's general formula.® Even in the most 
unfavorable case, the choice of extreme values of absorption coef¬ 
ficients makes a difference of only 0.4 of an absolute F-unit. For 

® R. W. James and E. M. Firth, Proc. Roy. Soc. 117A, 62 (1927). 

® E. Jonsson, Uppsala Univers. Arsskrift (1928). 
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the sake of uniformity and completeness, calculated as shown in 
Table III, have been employed throughout. 

The resultant reflection T^^s are recorded in Tables II, IV and V and 
in Figure 1. Several comparisons are possible between these data 

TABLE IV 


Absolute F-Values of the Nickel Atom in Metallic Nickel 





1 Radiation I 




l/LoK—a 
(0.710 A) 



Fe X-a 
(1.932 A) 

Plane 

sin 6/\ 

Cu X-a 
(1.537 A) 

NiX-a 
(1.655 A) 

111 


18.06 

14.94 

15.92 

16.05 

200 

.284 

16.89 

13.70 


14.69 

220 


12.91 

10.57 


— 

113 

.471 

11.10 

8.73 


— 

222 

400 

133 

.492 

11.64 

8.32 


•— 

.619 

8.37 

_ 


_ 

240 

.635 

8.36 

— 


— 

224 

.696 

7.48 

— 


— 

3331 

115/ 

.738 

7.01 

— 


— 


TABLE V 


Absolute F-Values of the Copper Atom in Metallic Copper 


Plane 

sin 9/\ 

CuX-a 
(1.537 A) ] 

Radiation 

Ni X-a 
(1.655:A) 

Fe X-a 
(1.932 A) 

111 1 

0.241 i 

16.60 

_ 

14.59 

200 

.278 

14,90 

14.57 

13.72 

220 

.392 

11.53 

11.18 

— 

113 

.461 

9.56 

— 

— 

222 

.481 

9.10* 

— 

— 


* The relative intensities of the reflections in this column (compared with 220) 
are those found by A. H. Armstrong (reference 1). 


and the results of previous measurements. The F(220, Cu) for Cu Ka 
is in fairly good agreement with existing information, but F(110, Fe) 
for the same radiation falls considerably below the published^ value. 

^ A. H. Armstrong, reference 1. 
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Fig. 1. The experimentally determined F-curves of metallic nickel for Mo 
Ka, Ni Ka and Cu Ka radiations. The two observed points for Fe Ka rays are 
shown as large open circles. 



Fig. 2. The F-curves for the nickel atoms in NiO crystals are shown as full 
lines. Observed points for nickel atoms in metallic nickel appear as black circles 
(for Mo Ka), open circles (for Ni Ka) and ringed circles (for Cu Ka). 
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Additional observations with iron powder from the source which 
supplied the earlier experiments make it seem probable that there 
was some preferential orientation in the previous powder cake. Of 
interest is the comparison that can be made between the F-curves of 
metallic nickel and of the nickel ion* in NiO. This comparison is 
shown graphically in Figure 2 for Mo Ka, Cu Ka and Ni Ka rays. 
The agreement is especially close for the Mo Ka and Cu Ka curves. 

Points on the F-curve for nickel with molybdenum radiation could 
be measured for reflections more complicated than (333; 115). Such 
reflections would be hard to determine with accuracy, however, be- 



Wave-length (angstroms) 


Fig. 3. The dotted curve indicates the variation of the scattering power of 
nickel with wave-length. The full circles are the measured values of the (200) 
reflection of metallic nickel. 

cause they arc insignificant compared with the background of sec¬ 
ondary nickel radiation excited by the Mo Ka lines. The first, (111) 
reflection of nickel occurs at so great an angle (sin Q/\ = 0.246) that 
much of the complete F-oxxvo, of metallic nickel is of necessity ex¬ 
trapolated. This fact seems to prevent any important physical sig¬ 
nificance being attached to the electron-distribution curves that are 
calculated by Fourier analysis from the extrapolated forms of this 
F-curve. 

The 7^^-values of this paper show clearly the way in which the re¬ 
flecting power of an atom varies with the wave-length of the x-rays 

8 R. W. G. Wyckoff, Phys. Rev. 35, 583 (1930). 
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scattered. The phenomena are illustrated by the (200) reflections of 
nickel as plotted in Figure 3. All of the other data of the present 
paper as well as those from NiO agree with this figure in showing that 
the scattering power of an atom is at a minimum close to its K critical 
absorption limit, that it attains a maximum at, or near, its “resonance’’ 
wave-length, but that the reflecting power falls off only slowly on the 
long wave-length side of this frequency. The photographs made by 
Mark and Szilard® of RbBr using strontium and bromine radiations 
are obviously an expression of the same variation. 

It is hoped through additional experiments to put these scattering 
powers for long wave-lengths upon an accurate absolute scale. 

® H. Mark and L. Szilard, Zeits. f. Physik 33, 688 (1925). 




[Reprinted from The Journal of Biological Chemistry, August, 1930, 
Vol. 88, No. 1, pp. 27-59] 


ON WALDEN INVERSION 

XIV. The Influence of Substituting Groups on Optical 
Rotation in the Series of Disubstituted Acetic 
Acids Containing a Phenyl Group 

By P. a. LEVENE, L. A. MIKESKA, and KURT PASSOTH 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, April 24, 1930) 

In a previous communication (1) we discussed the influence of 
substitution in a series of disubstituted acetic acid derivatives of 
the aliphatic series. In this series each substance contained only 
one group of significant polarity. In the present paper observa¬ 
tions are presented on the derivatives of disubstituted acetic acids 
in which one of the substituting groups is aromatic, hence con¬ 
tains an additional polar group. The observations on this series of 
derivatives are of special importance as an aid for the interpreta¬ 
tion of observations previously made on substitutions in secondary 
carbinols of mixed aliphatic-aromatic character. The substitution 
of the hydroxyl group by a halogen in the carbinols of that class is, 
under certain conditions, accompanied by Walden inversion. To 
be able to correlate configurations of the carbinols and halides is of 
fundamental importance for the purpose of singling out the cases 
in which a reaction of substitution is accompanied by Walden 
inversion. 

In the case of the derivatives of dextro-disubstituted aliphatic 
acetic acid, the values of rotations descended with the changes 
in polarities of the substituting groups in the following order, 

C=N > COOCjH, > COOH > CONHa > COCl > CHaSO,!! > CHaX > 
CHtSII > CHiOH > CHaNHa 

the direction of rotation being turned to the left for the carbinols and 
for the amines. It is self-evident that for the levorotatory series 
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the changes of rotation should be of descending numerical value, 
becoming dextrorotatory for the carbinols and for the amines. 

The events in the mixed aliphatic-aromatic series are markedly 
different. If the rotations of the first member of the series, namely 
dextro-phenylmethylacetic acid, and of the more significant deriva¬ 
tives of it are compared, the following ^descending order is ob¬ 
served. 


--COOH > —CHjOH > —CHaX > -C=N 
I. 

Comparing these changes in rotations with those observed in the 
same derivatives of the dextro acids of the aliphatic series, one 
finds the order of change for —C s N, CH 2 X, CH 2 OH, reversed. 
The question arises whether the two acids and their derivatives 
are configurationally of similar or of opposite series. With some 
degree of probability this question can be answered by hydro¬ 
genating dextro-phenylmethylacetic acid to the cyclohcxylmethyl- 
acetic acid. This change brought about a significant drop in the 
value of rotation but did not alter the direction of rotation. 
On the assumption then that dextro-phenylmethylacetic acid has 
an analogous configuration to dextro-ethylmethylacetic acid, which 
might provisionally be given by the following figure 

COOH COOH COOH 

I I I 

HC—CaH, -► HC— Cellu <- HC—CeH* 

I I I 

CH, CH, CH, 

II. 

and as it is known that all the transformations given in Table I are 
accomplished without change in configuration, it is possible to fol¬ 
low the effect on rotation of the replacement of the higher aliphatic 
group by a phenyl group. The effect in the acid itself has already 
been mentioned. Another striking fact is the influence of the 
replacement in the nitrile. If the nitriles derived from the dextro- 
phenylmethylacetic acid are compared with those from the dextro- 
cyclohexylmethylacetic acids, it is noticed that the replacement 
of an aliphatic by a phenyl group brings about a change in the 
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direction of rotation. Thus dextro^phenylmethylacetic acid 
leads to a levo-nitrile, whereas dextro-cyclohexylmethylacetic 
acid leads to a dextro-nitrile, as should be the case in the dextro- 
n-hexylmethylacetic acid series. The substances derived from 
the mixed nitriles all rotate in opposite directions from those of the 
aliphatic scries, the only exception being the amine which, in the 
case of 2,2-phenylinethyIcthylamine, rotates in the same direction, 
as should be expected in the purely aliphatic substance. 

The phenylethylacetic acid on hydrogenation to the cyclohexyl- 
ethylacetic acid shows a drop in the value of the rotation, the 
direction remaining unaltered. Again in this case the replacement 
of the higher aliphatic radical by a phenyl radical in the nitrile 
leads to a change of the direction of rotation. This, however, is the 
only derivative of phenylethylacetic acid in which the direction of 
rotation is altered. On the other hand, if the numerical values of 
the rotations are compared, the same order of change is observed 
as in the methyl series; namely, 

—COOH > —CHsOH > —CH,X > ~C=N 

The most striking difference in the conduct of the derivatives 
of the two acids is noted in the reduction of the two nitriles to the 
corresponding amines. Both nitriles are levorotatory whereas the 
amines derived from them differ in their rotations; that derived 
from phenylmethylacetonitrile is levorotatory, the levorotation 
being enhanced, and that derived from the phenylethylamine is 
dextrorotatory. It would seem, then, that in the series of deriva¬ 
tives which are being described here the replacement of a methyl 
group by an ethyl group might change the direction of the rotation 
of the substance. This is rather an unexpected observation. 

The dextro-phenylpropylacetic acid on hydrogenation leads to 
levo-cyclohexylpropylacetic acid (see Table II). This conduct is 
rather surprizing and somewhat puzzling. The fact that on hydro¬ 
genation the three dextro acids mentioned change their rotation 
in the same direction, namely towards the left, would warrant the 
conclusion that they are configurationally related in the sense 
given in figure (II), and if this assumption is correct, then it 
follows that levo-cyclohexylaceticacidis configurationally related 
to dextro-methyl- or ethylcyclohexylacetic acids. This result on 
the phenylpropylacetic acid again is unexpected and needs fur- 
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ther substantiation. In the series of phenylpropyl carbinol the 
transformation could not be carried beyond the amine because of 
racemization. Attempts at the resolution of the amine were not 
successful. 

The changes in the rotations of the derivatives of benzyl- 
phenylacetic acid could not be followed on substances obtained 
from one and the same starting material due to racemization which 
accompanied the transformation of the acid amide into the nitrile, 
the optical activity of the nitrile being so low that further trans¬ 
formation into optically active derivatives was no longer practi¬ 
cable. Fortunately, in this case it was possible to resolve the 
amine through its tartaric acid salt. 


TABLE II 

Molecular Rotations of the Derivatives of Various Acids ([ir]S) 


Acid series. 

Pheny lacetio 
noids. 

Corresponding 
oyclohez^lace* 
tic acids. 

Phenylmethylacetic... 

degrees 

-81.8 

-130.8 

-29.0 

degrees 

-19.5 

-4.0 

+4.0 

Pheny le thy lacetic. 

Phenylpropylacetic. 



The rotation of the derivatives of the acid ending with the nitrile 
showed the same character of change as in the other two acids. 
The low dextrorotation of the nitrile in ether is not due to racemi¬ 
zation entirely, as is seen from the fact that in 75 per cent of 
alcohol the rotation of the nitrile is reversed from that of the acid. 
The d,Z-amine was resolved into its components by means of tar¬ 
taric acid and the active forms were not correlated with the cor¬ 
responding acetic acid. The rotations of the carbinol and of the 
chloride will be discussed below. Before proceeding with this dis¬ 
cussion, however, the fact should be emphasized that in the series of 
derivatives of phenylmethylacetic acid and of its homologues, 
the direction of rotation of substances of the same configuration differs 
from one homologue to another. These changes can scarcely be 
accounted for by the differences in the polarities of the methyl, 
ethyl, or propyl groups. 

The question of special interest to us, however, is that of the respec-^ 
live rotations of the carbinols and of the halides. In this respect a 
striking uniformity is observed in the three series in which the 
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carbinols and the halides can be obtained in an optically active 
condition. The changes in rotation on passing from the dextro^ 
carbinol to the halide were towards the left. In the case of 2,2-phenyl- 
methylethanol and the corresponding halide, there was a reversion 
of the direction of rotation. In the other two cases the sign of rota¬ 
tion was not reversed, yet the drop in the rotation of the halide 
should be interpreted in the same sense and not on the basis of 
racemization for the reason that both substances are formed simul¬ 
taneously by the action of nitrous acid and of nitrosyl chloride 
respectively. This change of rotation is analogous to that occur¬ 
ring in the derivatives of disubstituted acetic acids of the aliphatic 
series. 

These observations lend further support to the conclusion 
reached by Levene and Mikeska regarding the configuration of 
methyl-, ethyl-, and propylphcnyl carbinols. It was then assumed 
that the dextro-carbinol was configurationally related to the levo- 
halide. Indeed only on this assumption is the change of rotation on 
passing from the carbinol to the halide to the left, whereas the 
change is to the right when the rotations of the methyl- or ethyl- 
phenyl carbinols are compared, the latter being of a higher numer¬ 
ical value (2). 

In the case of benzylphenyl carbinol the evidence furnished 
by the present observations is less decisive in view of the uncer¬ 
tainty as to the numerical value of the maximum rotation of the 
benzylphenylchloromethane. 

CONCLUSIONS 

1. There is a lack of uniformity in the direction of rotation of 
configurationally related homologous derivatives of substituted 
phenylacetic acids. 

2. All dextrorotatory substituted 2-phenylcthanols so far ob¬ 
served on passing to the corresponding halides show a change of 
rotation towards the left. 

3. This observation supports the previous conclusion reached 
by us in regard to the correlation of the secondary aliphatic 
aromatic carbinols and of their corresponding halides. 

EXPERIMENTAL 

Resolution of df-Phenylmethylacetic Acid, —88 gm. of the acid 
were dissolved in 2700 cc. of hot acetone. 192 gm. of quinine were 
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then added and the solution was allowed to stand overnight at 
room temperature. The quinine salt separated in crystalline form 
and amounted to 100 gm. 2 gm. of this salt were decomposed with 
hydrochloric acid and the rotation was determined on the acid thus 
obtained. 


- 4.44° X 100 
1 X 8.112 


— 54.7° (in ether). 


After repeated recrystallization from hot acetone, an acid was 
obtained which showed a rotation of 


— 11 57® X 100 

[«1d = ' 1x 2 1 332 "" “ alcohol), 

[a]” - - 59.1®. [M]” = - 96.8° (without solvent). 


On further recrystallization there was only a slight increase in 
rotation. 

The rotatory power of the acid decreased with ionization. 
When the above acid was neutralized with 1 equivalent of sodium 
hydroxide, it showed a rotation of only 


Levo-Phenylmethylacetyl Chloride ,—259 gm. of the corresponding 
acid, = —59.7° (in ether) were treated with 414 gm. of 
thionyl chloride (2 mols). The reaction mixture was allowed to 
stand overnight at room temperature and was then refluxed on the 
steam bath for 15 minutes. The unchanged thionyl chloride was 
removed under reduced pressure. The residue itself was not dis¬ 
tilled inasmuch as previous experiments had shown that a slight 
racemization takes place even on distilling the product under 
highly reduced pressure. It had a rotation of 

[“]” = ~i x^21.496°° “ “ “ ~ 

0.1017 gm. substance required 5.68 cc. 0.1 n AgNOi (titration). 

CpHjOCl. Calculated. Cl 21.36. Found. Cl 19.82. 
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L^vo-Phenylmethylacetarnide .—50 gm. of the acid chloride 
described above, [«]=' = -68.8° (in ether), were dropped slowly 
with rapid stirring and thorough cooling into 150 cc. of concentrated 
alcoholic ammonia. The crude crystalline product was filtered off 
and the mother liquor concentrated to 30 cc. under reduced 
pressure. A second crop of crystals was obtained which was 
combined with the first. The amide was then recrystallized from 
hot water. Yield, 80 per cent. It molted at 92° and showed the 
following rotation. 

_ 2 97 ° X 100 

[« 1 d == ~t "x 11 288 "" “ percent alcohol). 

3.525 mg. substance: 9.410 mg, COj and2.245 mg. H 2 O. 

CglliiON. Calculated. C 73.15, II 7.45. 

Found. 72.79, “ 7.12. 

Dexiro-Phenylrmthylaixtonitrile, —50 gm. of the corresponding 
amide, = —26.3° (in 75 per cent alcohol), were thoroughly 
mixed with 47 gm. (1 mol) of phosphorus pentoxide and distilled 
under a pressure of about 2 mm. The distillate was dissolved in 
ether, washed with dilute sociium hydroxide, then with water, and 
finally dried over sodium sulfate. The ether was removed and the 
residue fractionated under a pressure of 8 mm. The nitrile dis¬ 
tilled at 109°. Yield, 78 per cent. 

= + 1.8? X 10 0 ^ „ a ^ ^ jg gg nicohol). 

1«Jd 1 X 17.420 ‘ ° 

[af‘ = + 7.0®. [M]” == + 9.3® (without solvent). 

5.785 mg. substance: 17.440 mg. CO 3 and 3.425 mg. HjO. 

CgHgN. Calculated. C 82.44, II 6.87. 

Found. ** 82.21, 6.62. 

Dextro-^,^-Phenylmethylethylamine.—This was prepared by cata¬ 
lytic reduction of dextro-phcnylmethylacctonitrile. Glacial acetic 
acid (300 cc.) dried over a few gm. of phosphorus pentoxide, was dis¬ 
tilled directly into the absorption tube. 35 gm. of the nit rile, [«]„* 
= -1-5.61° (in ether), and 2 gm. of a platinum catalyst prepared 
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according to the directions of Adams and Shriner were introduced 
into the tube by means of a dropping funnel. Care was taken to 
exclude all moisture. 

The reduction was carried out under reduced pressure. After 
the nitrile and catalyst had been introduced into the absorption 
tube, before the shaking was begun, the air was withdrawn from 
the apparatus and replaced by hydrogen. The amount of hydro¬ 
gen required for reduction of the nitrile to the corresponding prim¬ 
ary amine was calculated to be 11,794 cc. 

When 8700 cc. of hydrogen had been absorbed, the reaction 
became very slow and the catalyst was therefore reactivated by 
withdrawing the hydrogen from the apparatus, refilling it with 
oxygen, and shaking for 10 minutes. Each time when the reac¬ 
tion ceased the catalyst was again reactivated. After 11,500 cc. 
of hydrogen had been absorbed, the reaction almost ceased and 
could not be restimulated by further reactivation of the catalyst. 

The solution was filtered and the filtrate concentrated under 
reduced pressure to about 30 cc. On diluting this solution with 
much water, a small amount of an oil separated which was ex¬ 
tracted with ether. This proved to be unchanged nitrile. The 
mother liquor was rendered alkaline with sodium hydroxide and 
the amine was extracted with ether. The extract was washed 
with a little water and then dried over sodium sulfate. The 
ether was removed and the residue fractionated. 

The first fraction distilled at 90° under a pressure of 12 mm. and 
the second at 185-186° under a pressure of 9 mm. 

After redistillation, the first fraction (19.3 gm.) had the follow¬ 
ing rotation. 

W” = = + *•2'- IM]" = + 7.0“ (in ether). 

4.540 mg. substance: 13.320 mg. CO, and 3.925 mg. HjO. 

C,H„N. Calculated. C 80.00, H 9.63. 

Found. “ 80.00, “ 9.67. 

The second fraction proved to be a secondary amine. Total 
yield, 23.3 gm. (calculated 33 gm.). 

In another experiment, 25 gm. of nitrile with [a]o = +12.7° 
(in ether) were reduced in 300 cc. of glacial acetic acid in the pres- 
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ence of 2 gm. of the same platinum catalyst. The first fraction 
showed a rotation of 

+ 1 44® X IQQ 

[«]“ “ “ i X 11.592 " “ 


(aj* = + 17.7°. [M]” = + 23.9° (without Bolvent). 

The second fraction, a secondary amine, again amounted to 
about 20 per cent of the total yield. 

Some of the primary amine was converted into the hydrobromide 
in dry ether. The precipitate was washed with ether and dried. 
It showed a rotation of 


» _ + 0.78° X 100 
“ IX 4.752 


+ 16.4°. [Ml* =• + 35.4° (in water). 


0.1000 gm. substance required 4.60 cc. 0.1 n AgNOj (titration). 
0.1000 “ “ “ 4.55 “ 0.1 “ HCl (Kjeldahl). 

C«HuNBr. Calculated. N 6.48, Br 37.03. 

Found. “ 6.37, “ 36.80. 


Dextro-2,S-Phenylmethylethyi Chloride.—This was prepared by 
the action of nitrosyl chloride on dextro-2,2-phcnyhnethylethyl- 
aminc. 15 gm. of the amine, [al“ = +12.4" (in ether), were dis¬ 
solved in 100 cc. of dry ether, cooled to —55°, and then treated 
with an ethereal solution of nitrosyl chloride until the latter was no 
longer decolorized. Ice water was then added and the halide 
extracted with ether. The extract was washed with sodium hy¬ 
droxide, then with water, and finally dried over sodium sulfate. 
The residue, obtained on the removal of the ether, weighed 7.6 
gm. and showed a rotation of 
— ft 

r ^— (without solvent). 


The crude material was submitted to fractional distillation. 
The first fraction distilled at 55-57° under a pressure of 0.8 mm. 
and weighed 4.7 gm. Optical rotation was as follows; 

Q OR** 

:— (without solvent). 
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- 1.12° X 100 
1 X 23.592 


— 4.76® (in ether). 


The second fraction was not distilled, as previous experiments 
had shown that it could not be distilled without decomposition. 
It showed a rotation of 


- 1.42® X 100 
1 X 11.536 


12.3® (in ether). 


To remove any carbinol that might have been formed during the 
reaction, the first fraction was dissolved in 20 cc. of dry p 3 rridine 
and treated with 5 gm. of phthalic anhydride. The mixture was 
allowed to stand overnight at room temperature. The next day 
the solution was acidified with an excess of hydrochloric acid and 
extracted with ether. The ether extract was washed with dilute 
sodium hydroxide to remove the phthalic acid and the half ester 
of the same. The extract was then dried, the ether removed, and 
the residue distilled under a pressure of 1 mm. It boiled at 52-54°. 

I«]“ = IM]” = + 0.61“ (in ether). 


4- 0 21® X loo 

(“Jd = ^ w " = + 0-51°. IM]” >= + 0.79“ (in absolute alcohol). 

IX 40.960 

_L 1 7C0 4- 2 S® 

[«]“ = [M]” = (without solvent). 

0.1152gm. substance: 0.1036gm. AgCl (Carius). 

C 9 II 11 CI. Calculated. Cl 23.22. Found. Cl 22.24. 

Levo-2,2-Phenylrnethylethanoh —The crude material obtained in 
the chlorination of dcxtro-2,2-phcnylmethylethylamine, = 
+ 12.4° (in ether), with nitrosyl chloride was treated with phthalic 
anhydride in pyridine solution, as described in the preceding 
experiment. The crystalhzed half ester of the carbinol was then 
isolated in the usual way. It showed a rotation of 

, .. - 2.61® X 100 

[«]d “ 


1 X 15.800 


— 16.5® (in ether). 
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It was decomposed by boiling for 15 minutes with 3 mols of 30 per 
cent sodium hydroxide solution. An oil separated which was 
extracted with ether, washed with water, and then dried over so¬ 
dium sulfate. The ether was removed and the oily residue distilled 
under reduced pressure. Only 0.3 gm. of the carbinol was ob¬ 
tained. It showed a rotation of 


I«1 


U 

o 


- 1.79° X 100 
1 X 11^008~ 


[M]"-22.1“ (in ether). 


[a]” = ~Y^Y552-alcohol). 

4.325 mg. substance: 12.655 mg. CO 2 and 3.355 mg. H 2 O. 

CgHiaO. Calculated. C 79.41, H 8.82. 

Found. 79.79, “ 8 . 68 . 

Dextro-2f2-PhenyhneihylethanthioL —2 gm. of dcxtro-2,2-phcnyl- 
methylothyl chloride, [a]^® = +0.3° (in ether), were treated witli 3 
equivalents of a 10 per cent solution of alcoholic potassium hydro¬ 
gen sulfide. The mixture was heated for 24 hours at 100° in a 
sealed tube. Much water was then added, the mercaptan was 
extracted with ether, washed with water, and dried over sodium 
sulfate. It was distilled under a pressure of 1.5 mm. The main 
part boiled at 70-71°, leaving a small residue in the flask. 

The mercaptan showed the following rotation. 

[ ]» = + 1-79° X 10 0 ^ ^ 

l“lo 1 X 19.320 “ 


r~i“ = + 0.31 X 100 _ jj, (jjj abgolute alcohol). 

1 X 3.128 “ 

0.1216gm. substance: 0.1761 gm. BaR 04 (Carius). 

C 9 H 12 S. Calculated. S 21.05. Found. S 19.89. 

DextrO‘Phenylmethijlthiolacelic Acid—H gm. of the correspond- 

ing acid chloride, [«]“ = 

were added drop by drop with stirring to 18 gm. of potassium 
hydrogen sulfide in 12 cc. of water. On heating the mixture on 
the steam bath a lively reaction took place. After all the chloride 
had been added, the reaction was heated on the steam bath for a 
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few more minutes, then diluted with ice water and acidified. The 
oil which separated was extracted with ether, the extract washed 
and then dried over sodium sulfate. 

On distillation the acid boiled at 136-138° under a pressure of 
3 mm. Yield, 13.8 gra. It showed a rotation of 

Ml = 


0.1362 gm. substance; 0.1862 gm. BaS 04 (Carius). 

CjHioOS. Calculated. S 19.27. Found. S 18.78. 


Resolution of djl-Phenylethylacetic Acid, —100 gm. of the acid 
were dissolved in 1000 cc. of hot 50 per cent alcohol. Tq this 
were added 154 gm. of cinchonidine and the solution was allowed 
to stand overnight at room temperature. The first fraction of 
the cinchonidine salt which separated in crystalline form weighed 
121 gm. 2 gm. of this salt when decomposed with concentrated 
hydrochloric acid yielded an acid which showed a rotation of 


[«] 


tt 

D 


+ 4.89*^ X 100 
1 X 16.460 


+ 29.7® (in ether). 


The salt was recrystallized from 50 per cent alcohol until no 
further increase of the rotation of the free acid was obtained. It 
was then decomposed and the acid obtained was distilled. It 
showed a rotation of 

[« 1 “, = ®***”^* 

[a]" = ^ 1 xT^ 24^ ^ 74.4®. [M]“ = + 122.0® (in 75 per cent alcohol). 

[aj“ = + 89.94®. [MJ" = + 139.4® (without solvent). 

The sodium salt had a rotation of 

I“1d = ^1X1^45^ “ water). 


Dextro-Phenylethylacetic Add Ethyl Ester. —31 gm. of the cor¬ 
responding acid, [a]** = +80.9° (in ether), were poured slowly into 
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a cooled mixture of 15 cc. of concentrated sulfuric acid with 100 cc. 
of absolute alcohol. The mixture was allowed to stand overnight 
at room temperature. The next day, ice and water were added. 
The precipitated oil was extracted with ether, and the extract 
washed with water, aqueous sodium hydroxide solution, and again 
with water. Then it was dried over sodium sulfate and the ether 
removed. The residue distilled at 80-85® under a pressure of 3 
mm. It showed a rotation of 


U]“ = ± y ^90 = 4 . 72.2°. (M)“ = + 138.6“ (in ether). 

'■ 14.844 XI “ 


5.460 mg. substance: 14.895 mg. CO 2 and 3.905 mg. HjO. 

CiillieOj. Calculated. C 74.96, H 8.38. 

Found. 74.39. “ 8.00. 

Dextro^Phenylethylacctyl Chloride. —32 gm. of the corresponding 
acid, [«]“ = +80.9° (in ether), were treated with 100 gm. (4 mols) 
of thionyl chloride. A lively reaction took place without heating. 
The reaction mixture was allowed to stand overnight at room 
temperature and was then rePuxed on the steam bath for 15 min¬ 
utes. The unchanged thionyl chloride was distilled off under re¬ 
duced pressure. The acid chloride itself was not distilled as a slight 
racemization was found to take place even on distilling the product 
under highly reduced pressure. 

The product showed a rotation of: 


[«]“ 


+ 13.89° X loo ^ 89.0°. (M]“ = + 162.5“ (in ether). 


1 X 15.596 


0.1294gm.substance: 6.90 cc. 0.1 NAgNO.(titration). 

CioHiiOCl. Calculated. Cl 19.67. Found. Cl 18.92. 

Dextro-Ph^nylelhylacctamide.-SZ.S gm. of the corresponding 

chloride [«]„ = +89.1° (in ether), were added drop by drop with 

S sti ring and thorough cooling to 200 

rapm sun r product was filtered off and the 

mother iff obtained which was combined with the first 

»» f- 50 per ceot 

alcohol until free from ammonium chloride. Yield, 3G gm. 
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I“1d “ “ + 32.4° (in 75 per cent alcohol). 

1 X 0.^0 

0.0989 gm. substance: 0.2656 gm. COj and 0.0710 gm. H 2 O. 

CioHiaON. Calculated. C 73.61, H 8.03. 

Found. 73.23, 8.03. 

Levo-Phenylethylacetonitrile .—32 gm. of the corresponding 
amide, [a]o = +19.9® (in 75 per cent alcohol), were mixed with 
28 gm. (1 mol) of phosphorus pentoxide and the mixture distilled 
under a pressure of 2 mm. The distillate was dissolved in ether, 
washed with dilute sodium hydroxide, then with water, and finally 
dried over sodium sulfate. The ether was removed and the nitrile 
distilled under a pressure of 4.1 mm. It boiled at 56-57°. Yield, 
20.6 gm. 

[«]“ = ~ ~ 

_ 3 , 33 ® V 100 

[«]d ~T vio>"n/t ' “ “ 26.2®. [M]” = — 38.1® (in absolute alcohol). 

[a]” =■ — 20.0®. [M]* =* — 29.0® (without solvent). 

6.045 mg. substance: 18.235 mg. CO 2 and 3.770 mg. H 2 O. 

CioHiiN. Calculated. C 82.76, H 7.58. 

Found. ‘‘ 82.26, 6.97. 

Dextro-2j2-Phenylethylethylamine .—This was prepared by cata¬ 
lytic reduction of levo-phenylethylacetonitrile. The reduction 
was carried out in exactly the same way as the reduction of phenyl- 
methylacetonitrile. 

6.5 gm. of the nitrile, [af^ = — 27.64° (in ether), were dissolved 
in 50 cc. of glacial acetic acid and 0.5 gm. of a platinum catalyst was 
added. In this case, the reduction proceeded to completion with¬ 
out reactivation. The amount of hydrogen absorbed was 2182 cc. 
(calculated 2007 cc.). 

3.35 gm. of the primary amine were obtained. It distilled at 
74° under a pressure of 2.6 mm. and showed the following rota¬ 
tions. 

, + 1 . 88 ® X 100 

Wd “ - 


1 X 19.306 


+ 9-7®. [M)“ = + 14.5® (in ether). 
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M 


M 

D 


- 1.16° X 100 
1 X 15.024 


7.7°. [M]” 


11.5° (in absolute alcohol). 


[tt]” = + 4.56°. [M]“ = + 6.8° (without solvent). 

0.135 mg. substance: 18.035 mg. COj and 5.515 mg. HjO. 

CioHisN. Calculated. C 80.53, II 10.06. 

Found. “ 80.16, “ 10.06. 

In this case, as in the reduction of the phenylmethylacetonitrile, 
about 20 per cent of the secondary amine was obtained. 

Some of the above primary amine was converted to the hydro¬ 
bromide in dry ether. The precipitate was washed with ether and 
dried. It showed a rotation of 


~ 0.06° X 100 ^ 
1 X 2.824 


[Ml” = - 4.9° (in water). 


0.1000 gm. substance required 4.35 cc. AgNOs (titration). 
0.1000 ** ** 4.25 “ 0.1 N IlCl (Kjeldahl). 

CioHuNBr. Calculated. N 6.08, Br 34.78. 

Found. ** 5.95, “ 34.80. 


Dextro-S,2-Fhenylethylethyl Chloride.—This was prepared by the 
action of nitrosyl chloride on dextro-2,2-phenylethylethylarnine. 
A solution of 10 gm. of the amine, [a]“ = +9.2° (in ether), was 
dissolved in 100 cc. of dry ether, cooled to —55°, and then treated 
with an ethereal solution of nitrosyl chloride until the latter was no 
longer decolorized. Ice water was then added and the halide 
extracted with ether. The extract was washed with dilute sodium 
hydroxide, then with water, and finally dried over sodium sulfate. 
The residue obtained on removal of the ether weighed 4.3 gm. 
and showed a rotation of 


« _ + 3.00° X 100 
[“Id “ ■ 1 X 21.248 


4 - 14.1° (in ether). 


[“i: 


, < A iO 

l« Z—1— (without solvent). 

h 


The crude material was distilled under a pressure of 1 mm. The 
first fraction which boiled at 63-65° and of whieh 3.2 gm. were 
obtained, was dextrorotatory, as seen from the following figures. 
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+ 1.05* X 100 
1 X 15.848 


+ 12.3® (in ether). 


+ 13.08° 

[o]" = -^— (without solvent). 

6 

The residue which could not be distilled without decorapo^^ition 
showed a rotation of 


„ ^ + 4.49° X 100 
1 X 16.176 


+ 27.8° (in ether) 


and analyzed as follows: 

0.1214 gm. substance: 0.0471 gm. AgCl. Found. Cl 9.59. 

To remove any carbinol that might have been formed during the 
reaction, the distillate was dissolved in 20 cc. of dry pyridine and 
treated with 3 gm. of phthalic anhydride. The mixture was al¬ 
lowed to stand overnight at room temperature. The next day the 
solution was acidified with an excess of hydrochloric acid and ex¬ 
tracted with ether. The extract was washed with dilute sodium 
hydroxide in order to remove the phthalic acid and the half ester 
of the same. The extract was then dried, the ether removed, and 
the residue distilled under a pressure of 1 mm. It boiled at 62-64'^. 


_L Q §50 V IQQ 

[a]” = 1 x 8 ~5 ^ ' " ' "" ^ absolute alcohol). 

[a]" = + 10.6°. [M]” = + 17.8° (without sol vent). 

0.1120 gm. substance: 0.0842 gm. AgCl (Carius). 

CioHiiCl. Calculated. Cl 21.30. Found. Cl 18.59. 

The analysis of the substance showed it to consist of 87.2 per 
cent halide and 12.8 per cent by-products. Inasmuch as its rota¬ 
tion is [a]l = +11.2® (in ether), it follows that unless the by¬ 
product had a rotation of [a]^^ = +87.2® (in ether), it could not 
account for the entire activity of the substance. Hence, it may 
be assumed that at least part of the optical activity was due to 
activity of the chloride. 
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In another experiment 3 gm. of amine with a rotation of [a]? « 
+10.10® (in ether), which had been received from a previous 
chlorination experiment, were chlorinated and the resulting halide 
purified as described in the experiment above. The halide ob¬ 
tained showed a rotation of 

[«]“ = 5.056°° “ + 


and analyzed as follows; 

0.1083 gm. sub.starice: 0.804 gm. AgCl. 

CioH„Cl. Calculated. Cl 21.30. Found. Cl 18.36. 

The residue showed a rotation of 


[«]" = 


+ 1.62° X 100 
~Tx 14.072 


= + 11.5° (in ether). 


In this case, as in the previous one, the residue consisted of the 
halide with some other impurity as seen front the analysis given 
below. 

0.1252 gm. substance; 0.0304 gm. AgCl. Found. Cl 6.00. 

Dextro-2,2-Phenyldhylethanol.—2 gm. of dcxtro-2,2-phcnyl- 
cthylethylaminc, 


t«l” = 


+ ^-88° = + 9.7° (in ether), 


1 X 19.306 


were dissolved in 50 cc. of 95 per cent acetic acid and the solution 
was cooled in an ice-salt mixture. Nitrous oxide was then passed 
through the solution until the evolution of mtrogen ceased. 1 hen 
SsTr cent sodium hydroxide was added until the solution was no 
1 ^ eid to ConEO rcd Nitrous oxide was then again passed 

Sugh the solution until the evolution of nitrogen almost ceased^ 
Much water was then added and the precipitate was extracted 
S etto Theo«tmrtw»«Mhed with diluK .odmm hyd;rox. 
witn einer. finally dried over sodium sulfate. The 

ide, then ^ ^ ^ the residue distilled under reduced 

ether was then ^ ^3 the ester of idithalic 

SZ desc"^^^ purification of other alcohols. The pure 
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carbinol boiled at 95-96° under a pressure of 4 mm., and showed a 
rotation of 

JL 1 QQ® V IQO 

[“Id = "V'v. o roD -+ 37.6°. [Ml“ = + 66.4*’ (in absolute alcohol). 

1 X 3,000 

[a]” = + 18,9®. [M]” = + 28.3“ (without solvent). 

3.465 mg, substance: 10.195 mg. CO 2 and 2.875 mg. HjO. 

CioHi 40 . Calculated. C 80.00, H 9.33. 

Found. ** 80.23, “ 9.28. 

Dextro~2y2-PhenylethylethanthioL —2 gm. of dextro-2,2-phenyl- 
ethylethyl chloride, [a]"^ = +11.2° (in ether), were treated with 3 
equivalents of a 10 per cent solution of alcoholic potassium hydro¬ 
gen sulfide. The mixture was heated for 7 hours at 100° in a 
sealed tube. Much water was then added and the mercaptan was 
extracted with ether, the extract washed with water, and then 
dried over anhydrous sodium sulfate. 

On distillation, a fraction was obtained which boiled at 81° under 
a pressure of 1.3 mm. It showed the following rotation. 

-4- 0 41® X 100 

[“]” ' rb ^ I^Id ” absolute alcohol). 

I X d.4oo 

0.1130 gm. substance: 0.1276gm. BaS 04 (Carius). 

C 10 H 14 S. Calculated. S 19.27. Found. S 15.51. 

The second fraction distilled at 178-180° under a pressure of 1.5 
mm. Optical rotation was as follows: 

[«]” = ~ rf° 4 i 6 ^ = - 311°- [MJ“ = - 102.6» (in ether). 

This substance may be considered to be the disulfide, as shown 
from the following analysis. 

0.1385 gm. substance: 0.2096 gm. BaS 04 (Carius). 

C 2 oH 24 Sa. Calculated. S 19.39. Found. S 20.79. 



LEVENE, MIKESKA, AND PASSOTH 


147 


S,S-Phenylethylethanesidfonic Acid .—^About 2 gm. of dextro- 
2,2-phenylethylethyl chloride, [«]“ = +5.5® (in ether), were 
treated in a sealed tube with 2 gm. of potassium hydrogen sulfide 
in alcoholic solution. The mixture was heated for 6 hours at 100®. 
It was then isolated as described in the preceding experiment. 
Without distillation the substance showed a rotation of 


- 0.61° X 100 
1 X 5.388 


— 11.3® (in ether) 


and analyzed as follows: 


0.1046gm. substance; 0.1338gm. BaS 04 (Carius). 

Mercaptan CisHuS. Calculated. S 19.27. 

Disulfide CioH,.S,. “ “19.40. Found. S 18.53. 


Presumably, the substance consisted of a mixture of the mercap¬ 
tan and disulfide. By comparison with the previous experiment it 
may be assumed that this substance corresponds to a mercaptan 
with a rotation of 


fa]" = + 3.5®. [Mir = +5.8® (in other). 


For the sake of conserving the material it was not distilled but was 
oxidized with barium permanganate in 95 per cent acetone. When 
the permanganate was no longer decolorized, the manganese diox¬ 
ide was filtered off and the residue alternately washed with acetone 
and hot water. The combined filtrates were evaporated to dry¬ 
ness. The residue was washed with ether and then taken up with a 
little water. On addition of alcohol the salt precipitated as a semi¬ 
solid mass which crystallized on stirring. 

The substance analyzed as follows: 


9 805 mg. substance: 1.931 mg. BaSOi (for Ba). 
e:645 « “ : 5.940 “ “ (“ S). 

Equimolecular mixture of acid and barium salt. 

^ CioH» 40 uS 4 Ba. Calculated. S 12.91, Ba 13.85. 

Found. "12.44, “ 11.73. 


The analysis would seem to indicate that the substance was a 
molecular mixture of the free acid and the barium salt. Lack of 

material did not permit further purification. 

To determine the rotation of the substance and of the cor- 



148 


WALDEN INVERSION. XIV 


responding free acid, we proceeded as follows: 0.1178 gm. of the 
salt was weighed in a flask and diluted to 2.5 cc. Rotation [a]^ in 
a 1 dm. tube was 1.30®. Hence the specific rotation of the sub¬ 
stance was 


- 1.30^ X 100 
1 X 4.712 


— 27.6® (in water). 


0.5 cc. of concentrated hydrochloric acid was then added to the 
solution directly in the polariscope tube. The total volume was 
then 3 cc. and the reading —1.11®. On the assumption that the 
original substance was an equimolecular mixture of acid and salt, 
it follows that the above corresponds to 0.1017 gm. of free acid 
per 3 cc. 

Therefore, 


Ml 


~ 1.11® X 100 
1 X 3.390 


32.7® (in water). 


As neither the original mercaptan nor the oxidation product 
was obtained in pure form, the results cannot be regarded as reli¬ 
able. 

Levo-Phenylethylthiolacetic Acid. —7.8 gm. of the corresponding 
acid chloride, = —23.7® (in ether), were added drop by drop 
to a solution of 10 gm. of potassium hydrogen sulfide in 6 cc. of 
water. The solution was warmed on the steam bath whereupon a 
lively reaction took place. In a few minutes the reaction was 
completed. Ice was then added, the solution was acidified, and 
the acid extracted with ether, washed with water, and dried over 
sodium sulfate. 

On distillation, a fraction was obtained which boiled at 124-125® 
under a pressure of 13 mm. Yield, 5.65 gm. It showed a rotation 
of 


^ ® X 100 

(«i: = _ = - 35.2“. [M]“ = - 63.4« (ia ether). 

0.1554 gm. substance: 0.1523 gm. BaSO« (Carius). 

C„Jl„OS. Calculated. S 17.77. Found. S 13.47. 

Catalytic Reduction of Phenylmethylacetic Acid to Cyclohexyl- 
methylacetic Acid. —2.92 gm. of .phenylmethylacetic acid with a 
rotation of [«]“ = +36.1® (in ether), were dissolved in 100 cc. of 
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glacial acetic acid. 0.3022 gm. of a platinum catalyst was then 
added. The reduction was carried out as previously described 
with an occasional reactivation of the catalyst. 

When 1292 cc. of hydrogen were absorbed (calculated 1453 cc.) 
the reduction was discontinued. The solution was filtered and the 
filtrate concentrated under reduced pressure until an oily residue 
remained. This was taken up in ether, washed with water, and 
dried over sodium sulfate. The residue, after removal of the 
ether, was distilled under a pressure of 4.7 mm. The acid distilling 
at 120-121® showed a rotation of 

[«]“ - = + 7-8°- [M]" = + 12.2° (in ether). 


On standing at room temperature the acid crystallized whereas 
the unreduced product remained liquid. 

4.260 mg. substance: 10.795 mg. COj and 3.930 mg. H^O. 

C.HioOj. Calculated. C 69.23, 11 10.25. 

Found. 69.10, 10.32. 

In another experiment, starting with an acid of [ajo = ~54.G® 
(in ether), a reduced product was obtained showing the following 
rotation. 

[«]“ = = - 12.5“. [M]" = - 19.5“ (in ether). 

‘ 1 X 25.088 “ 


M 


« 

D 


- 2.24° X too 
1 X 19.928 


11.2^ [MJ“ 


17.5° (in 75 per cent alcohol). 


The sodium salt, dissolved in water, showed the following rotation. 


Ml 


- 0.18° X 100 
1 X 9.484 


= ~ 1.9°. [M]“ 


3.3°. 


Levo-Cyclohexylmethylacetyl Chloride ,—142 gm. of the corre¬ 
sponding acid, [a]D = -“12.5® (in ether), were mixed with 104 gm. 
of thionyl chloride (4 mols). A reaction, much livelier than that 
observed in the chlorination of the corresponding unreduced acid, 
took place without heating. The reaction mixture was allowed to 
stand overnight at room temperature and then refluxe^d on the 
steam bath for 15 minutes. The unchanged thionyl chloride was 
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distilled off and the residue fractionated. It boiled at 54® under a 
pressure of 12 mm. Yield, 85 per cent. It showed a rotation of 

0.1056 gm. substance required: 6.05 cc. 0.1 n AgNOa (titration). 

CoHisOCl. Calculated. Cl 20.57. Found. Cl 20.33. 

Levo-Cydohexylmethylacetamide ,—153 gm. of the corresponding 
acid chloride, = —7.6® (in ether), were dropped slowly 

with rapid stirring and thorough cooling into 350 cc. of concen¬ 
trated alcoholic ammonia. The crude product was filtered off and 
the mother liquor concentrated under reduced pressure. On fur¬ 
ther concentration of the mother liquor a second crop of crystals 
was obtained which was added to the first. The combined product 
was then recrystallized by dissolving it in a minimum amount of 
hot 99 per cent alcohol and precipitating it with water. Yield, 78 
per cent. It was free from ammonium chloride and melted at 
138-139®. 

The optical rotation of the crude product was 

[«)" ~ ~ — 11.0°. [M]” =» — 17.r (in 75 per cent alcohol). 

1 X 4.984 

The optical rotation of the analyzed product was 

_ Q 450 ^ 1QQ 

[a]“ « —- -— = — 9.9°. [M]” = — 15.3° (in 75 per cent alcohol). 

1 X 4.008 

2.675 mg. substance: 6.695 mg. CO 2 and 2.575 mg. H 2 O. 

C9H17ON. Calculated. C 69.68, H 10.96. 

Found. 69.28, 10.93. 

Levo~Cyclohex7jlmethylac€tonitrile ,—50 gm. of the corresponding 
amide, [a]^^ = —11.0® (in 75 per cent alcohol), were mixed with 
45 gm. (1 mol) of phosphorus pentoxide and distilled under a 
pressure of 2 mm. The distillate was dissolved in ether, washed 
with dilute sodium hydroxide and then with water, and finally 
dried over sodium sulfate. The ether was removed and the nitrile 
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distilled under a pressure of 3 mm. It boiled at 80®. Yield, 84 
per cent. It showed a rotation of 

“ T x ' ^^soT = " 

_ 2 53° y 100 

[a]" ■= ' " i X 17 056 °° ~ ~ alcohol). 

[a]“ = - 14.3”. [M]" = - 19.7“ (without Bolvent). 

5.785mg. substance: 17.440mg. COa and 3.425mg. HaO. 

C 9 H 15 N. Calculated. C 78.82, H 10.94. 

Found. 78.70, 11.49. 

2^2-Cyclohexylmethylethylamine .—This was prepared by cata¬ 
lytic reduction of levo-cyclohexylmethylacetonitrile. The reduc¬ 
tion was carried out exactly as in the case of the phenylmethyl- 
acetonitrile. 8.15 gin. of a nitrile, [a]^ = —14.3° (without 
solvent), were dissolved in 200 cc. of glacial acetic acid. 1.33 gm. 
of platinum catalyst wore added. 2200 cc. of hydrogen were 
absorbed (calculated 2643 cc,). 

The reaction mixture was filtered off from the catalyst and the 
glacial acetic acid removed under reduced pressure. The residue 
was diluted with water and extracted with ether to remove un¬ 
changed nitrile. The aqueous mother liquor was rendered alkaline 
with excess sodium hydroxide. It was extracted with ether, the 
ether washed, and then dried over sodium sulfate. 

On distillation the amine boiled at 65-66° under a pressure of 2 
mm. and was found to be optically inactive. 

4.200 mg. substance: 11.775 mg. COj and 5.110 mg. HjO. 

0.0352 gm. “ : 6.53 cc, N (29°, 756 mm.). 

CgHnN. Calculated. C 76.59, H 13.47, N 9.92. 

Found. 76.39, 13.39, 10.00. 

Attempts have been made to resolve the inactive amine by 
means of tartaric-, camphorsulfonic-, and bromocamphorsulfonic 
acids, but without success. 

Dextro-Cyclohexylethylacetic Acid .—This was prepared by cata¬ 
lytic reduction of phenylethylacetic acid. The procedure em¬ 
ployed in the reduction of this acid was in every detail similar 
to the procedure used in the reduction of phenylmethylacetic acid. 



152 


WALDEN INVERSION. XIV 


3.0296 gm. of the acid, [«]“ = +79.8° (in ether), were dissolved 
in 100 cc. of glacial acetic acid and 0.2984 gm. of platinum catalyst 
was added. 1571 cc. of hydrogen were absorbed (calculated 1231 
cc.). The acid was isolated as in the experiment mentioned above. 
The distilled product showed a rotation of 




3.345 mg. substance: 8.650 mg. CO 2 and 3.245 mg. H 2 O. 

CioHigOj. Calculated. C 70.58, 11 10.58. 

Found. 70.51, “ 10.85. 

Dextro-Cyclohexylpropylacetic Acid, —It was prepared by cata^ 
lytic reduction of phcnylpropylacetic acid. This experiment 
was also carried out according to the directions given for the reduc¬ 
tion of the homologous phenylmethylacetic acid. 

2.13 gm. of the acid, [a]^ = —16.3° (in ether), were dissolved in 
100 cc. of glacial acetic acid and 0.2986 gm. of platinum catalyst 
was added. The total amount of hydrogen absorbed was 996 cc. 
(calculated 800 cc.). The distilled product showed a rotation of 


+ 0.22^ X 100 
1 X 10.092 


+ 2.2^ [M]“ = + 4.0° (in ether). 


4.015 mg. substance: 10.425 mg. CO 2 and 3.895 mg. II 2 O. 

CxiIIjoO,. Calculated. C 71.73, H 10.86. 

Found. ‘‘ 70.80, ** 10.85. 

. Resolution of djUPhenylpropylacetic Acid, —54 gm. of the acid 
were dissolved in a hot mixture of 300 cc. of 95 per cent alcohol 
and 8600 cc. of water. To this solution were then added 98 gm. of 
cinchonidine, whereupon the solution was allowed to stand for 36 
hours at room temperature. The first fraction of the cinchonidine 
salt separated in crystalline form and amounted to 57 gm. 2 gm. 
of the salt were decomposed with concentrated hydrochloric acid. 
The free acid showed a rotation of 



+ 2.15° X 100 
1 X 16.088 


+ 13.r. (M]“ = + 23.8° (in 75 per cent alcohol). 
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From the mother liquor an acid was obtained which showed a 
rotation of 


After two more recrystallizations of the first fraction, an acid 
was obtained with a rotation of [«]“ = +33.1° (in ether). Fur¬ 
ther crystallization did not improve the rotation and the yield on 
this last fraction was only about 10 per cent. 

Resolution of djUBenzylphenylacetic Acid.—The acid was re¬ 
solved as a quinine salt by repeated recrystallization of the latter 
from 95 per cent alcohol. A fraction was finally obtained which 
yielded an acid with a rotation of 

w: - "i fnm - - ” 

On decomposition of the mother liquors an acid was obtained with 
a rotation of 

The above probably does not represent the absolute maximum 
rotatory power of the acid. For the sake of conserving the mate¬ 
rial no attempt was made to resolve it further. 

The relation between the rotatory power of the acid in alcohol 
and ether, and of its sodium salt can be seen from the figures given 
below. 


— 3 41° X 100 

For acid [«]“ = y ^ = - 15.4°. [M]" = - 34.7° (in ether). 

— 1 fi2° V 100 

For acid [«]” = * - - — - ~ 18.1®. [M]“ - 41.0° (in 60 per cent alcohol). 

1X o.yAo 
__ 3 75° y 100 

For Na salt [«]” = ■ = - 17.2°. [M]“ = - 38.9° (in water). 

The optical activity of the salt was determined in the presence of 
an excess of 1 mol of NaOH; that is, 1.9896 gm. of the above acid 
were treated with 2 mols of standard sodium hydroxide and the 
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solution was diluted to 10 cc. The reading in a 1 dm. tub as 
-3.75". 

Dextro-Benzylphenylacetyl Chloride .—10 gm. of dextro-benzyl- 
phenylacetic acid, 

[«]“ “ = + 36.6°. IM]“ = + 82.8° (in ether), 

were treated with 20 gm. of thionyl chloride and allowed to stand at 
room temperature overnight. The next day the solution was 
refluxed on the steam bath for 15 minutes whereupon the excess of 
thionyl chloride was removed under reduced pressure. Without 
further purification the residue showed a rotation of 

_1_ Q 110 ^ 1QQ 

M“ = j ^ = + 43.0°. [MJ“ = + 105.3° (in ether). 


On distillation under a pressure as low as 0.2 mm. there was a 
slight racemization, so no attempt was made to purify the chloride 
further. 

Dextro-Benzylphenylacetamide .—10 gm. of dextro-benzylphenyl- 
acetyl chloride, described above, ([a]“ = +43.0"), were dropped 
slowly with thorough cooling and rapid stirring into about 5 mols of 
concentrated alcoholic ammonia. When all the chloride had 
been consumed, an equal volume of water was added. The amide 
precipitated immediately. It was then recrystallized from 50 per 
cent alcohol until free from ammonium chloride. When pure it 
melted at 134° and showed a rotation of 



+1.96° X 100 
1 X 4.752 


+ 41.2°. [M]” = + 92.8° (in 95 per cent alcohol). 


That some racemization had taken place during the reaction is 
evident from the fact that in another experiment an acid with a 
rotation of 


1“ + 9.32° X 100 

IX 25.336 


+ 36.8°. [M]“ = + 83.1° (in ether) 


yielded an amide with a rotation of 
, ,, + 3.96° X 100 

i“li> “* 1 X7 808 °° 50.7 . [Mlo “ + 114.1° (in 95 per cent alcohol). 
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0.1000gm. substance: 4.01 cc.0.1 nHC l (Kjeldahl). 

CnHisON. Calculated. N 6 . 22 . Found. N 6.61. 

Lev(hBenzylphmyl(Ketonitnle ,—10 gm. of the dextro-benzyl- 
phenylacetamide described in the preceding experiment ([a]** = 
+41.2®) were mixed with 8 gm. of phosphorus pentoxide. The 
mixture was heated until molten. The nitrile was poured off, dis¬ 
solved in ether, washed, and finally dried over anhydrous sodium 
sulfate. When the ether was removed the residue solidified. 
Without purification it showed an optical rotation of 

— 0 38° V 100 

” ~T~C^ io ~ ““ absolute alcohol). 

The nitrile was then recrystallizcd several times from ether 
from which it crystallized well when cooled to about —55®. About 
2 gm. of material were obtained which showed a rotation of 

_ A QQO V 100 

[a]“ = ^ ^ 3 --7.9“. [MJ“ = - 16.3“ (in absolute alcohol). 


[«) 


II 

D 


+ 0.69 ° X 100 
1 X 18.616 


+ 3.7“. [M]" = + 7.7“ (in ether). 


0.1000 gm. substance: 4.60 cc. 0.1 n HCl (Kjeldahl). 

CibIIisN. Calculated. N 6.74. Found. N 6.44. 

In the majority of cases the nitrile obtained by this method was 
either inactive or only slightly active. 

Reduction of Benzylphenylacetoniirile ,—15 gm. of the nitrile 
were dissolved in 300 cc. of 95 ^er cent alcohol. 30 gm. of sodium 
were then added with rapid stirring to the boiling solution. When 
all the sodium had dissolved, ice and water were added and then an 
excess of hydrochloric acid. The alcohol was removed under 
reduced pressure. An oil collected at the surface of the aqueous 
solution. This was extracted with ether and set aside for later 
examination. The aqueous mother liquor was made strongly 
alkaline with sodium hydroxide and the amine extracted with 
ether, dried over anhydrous sodium sulfate, and finally distilled 
under a pressure of 0.6 mm. It boiled constant at 128-129®. 
Yield, 5 gm. 

The ethereal extract of the acid solution mentioned above was 
washed with water and dried over sodium sulfate. The residue 
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crystallized on standing. On recrystallization from petrolic ether 
a snow-white substance was obtained which melted at 52®. This 
proved to be 2,3-diphenylpropane. 

3.720 mg. substance; 12.550 mg. COi and 2.685 mg. H*0. 

C, 4 Hi 4 . Calculated. C 92.37, H 7.69. 

Found. 91.99, 8.07. 

Resolution of dfUBenzylphenylethylamine, —23.5 gm. of the amine 
were poured into 16.7 gm. of tartaric acid dissolved in 500 cc. of 
water. The solution was allowed to stand at room temperature 
overnight. The crystalline precipitate was filtered off and re¬ 
crystallized once more from 500 cc. of water. The salt was then 
decomposed with sodium hydroxide and the amine distilled under a 
pressure of 0.6 mm. The amine showed a rotation of 

4- 4 40° y 100 

[«]“ = = + 27.r. [M]” = + 67.1“ (in 76 per cent slcobol). 

_ + 31.21° - + 65.85° , . 

“ — t —• Mn “ —z -(without solvent). 

S 5 

In another experiment an amine was obtained with a rotation of 

4- 9 61° X 100 
[«]” - — X ^ : 9eo “ + 

Even this rotation could have probably been improved upon by 
further recrystallization but as in the previous experiments, no 
such attempt was made. 

The levorotatory fraction was obtained from the mother liquors. 

The hydrochloride of the amine was easily obtained by saturat¬ 
ing an ethereal solution of the amine with dry hydrocUoric acid 
gas. The rotation of the hydrochloride was 

„ - 0.64“ X 100 

Mb “ 1 X 3 996 P®' ®®‘^* alcohol). 

_0.62° X 100 

" 2 X 3.372 * ~ water). 

0.1117 gm. substance: 4.43 cc. 0.1 n AgNOi (titration). 

CuHisNCl. Calculated. Cl 14.34. Found. Cl 14.07. 
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Dextro-S,2-Bemylphenylethaiiol. —2 gm. of dextro-2,2-ben2!yl« 
phenylethylamine, [ 0 ]“ = +27.1®, were dissolved in 60 cc. of 10 
per cent sulfuric acid and cooled to 0®, Nitrous oxide was then 
passed through the solution until there was no further evolution 
of nitrogen. Much water was then added and the carbinol was 
extracted with ether. The extract was washed first with dilute 
sodium hydroxide, then with water, and finally dried over ether. 
The ether was removed and the residue distilled under reduced 
pressure. It was dextrorotatory as seen from the figures given 
below. 

W" = “ ■** 

4- 0 68® V 100 

la]” = - ^ = + 17.6°. IMj” = + 37.1° (in 96 per cent alcohol). 

Dextro-2,2-Benzylphenylethyl Chloride .—This was prepared by 
the action of nitrosyl chloride on 2,2-benzylphenylethylamine. 
15 gm. of the amine with a rotation of 

i«i“ = V>ri9^r “ + 

were dissolved in 100 cc. of dry ether. This was cooled to —55® 
and treated with an ethereal solution of nitrosyl chloride until the 
latter was no longer decolorized. Water was then added and the 
halide extracted with ether and finally dried over anhydrous sodium 
sulfate. When the ether was removed the residue weighed 7.5 gm. 
The unchanged amine was recovered and again treated with 
nitrosyl chloride. This was repeated until 13 gm. of the crude 
material were accumulated. To remove any carbinol that might 
have been formed during the reaction, the crude material was dis¬ 
solved in 26 cc. of dry pyridine and treated with 9 gm. of finely 
pulverized phthalic anhydride. The mixture was allowed to 
stand at room temperature overnight. The next day the solution 
was acidified with excess of hydrochloric acid and extracted with 
ether. The ether extract was washed with dilute sodium hydrox¬ 
ide to remove the phthalic acid and the half ester of the same. 
The ether extract was then dried, the ether removed, and the 
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residue distilled under a pressure of 0.3 nun. The halide -tilled 
at 130-132°. 

^ 21 , ?2 P =5 4-12 3°. rM]“ = + 28.3° (in absolute alcohol). 

1 «Jd I X 9 330 ^ ^ 

[a]» = + 9.08°. [M]” = 4* 19.8° (without solvent). 

0.1042 gm. substance: 0.0636 gm. AgCl (Carius). 

CuHuCl. Calculated. Cl 15.39. Found. Cl 15.10. 

Levo-S,2-BenzylphenylethanthioL —3 gm. of dextro-2,2-benzyl- 
phenylethyl chloride, 

K “ 

were treated with 3 equivalents of a 10 per cent solution of alcoholic 
potassium hydrogen sulfide. The mixture was heated for 12 hours 
in a sealed tube at 100°. Water was then added and the mercaptan 
was extracted with ether, washed with w^ater, and dried over anhy¬ 
drous sodium sulfate. It was distilled under a pressure of 0.3 mm. 
It boiled at 123-127^ 

[«]" = = + 13-3“. [M]* = + 30.3“ (in ether). 

0.1406gm. substance: 0.1090gm. BaS 04 . 

CisIlicS. Calculated. S 14.03. Found. S 10.65. 

Dextr(h2y2~Benzylphenylethanesulfonic Acid, —1.5 gm. of the 
above 2,2-benzylphenylethanthiol were dissolved in 100 cc. of ace¬ 
tone and 2 cc. of water. This was then treated with an acetone 
solution of barium permanganate until it was no longer decolor¬ 
ized. The manganese dioxide was then filtered off, and washed 
alternately with hot water and acetone. The combined filtrates 
were evaporated to dryness under reduced pressure. The residue 
of barium salt was washed with ether to remove unchanged mer¬ 
captan. It was dissolved in water from which it separated on 
cooling as a viscous precipitate. This was then stirred several 
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times with dry ether. It solidified on standing overnight. With¬ 
out any further treatment the salt was pure as seen from the 
analysis given below. It showed the following rotation. 

0 54° y 100 

For Ba salt [«]” - - + 11.5°. [M]“ = + 39.7° (in water). 

6.970 mg. substance: 2.370 mg. BaS 04 (for Ba). 

0.0802 gra. “ : 0.0546 gm. ** ( “ S) (Carius). 

CioHioSsOflBa. Calculated. Ba 19.98, S 9.35. 

Found. 20.00, 9.31. 

To determine the rotation of the free sulfonic acid, 0.1170 gm. 
of the barium salt was treated with 0.5 cc. of concentrated hydro¬ 
chloric acid and diluted to 3 cc. The reading in a 1 dm. tube was 
+0.35^ Hence, 

[«): = H [M]“ = + 30.8» (in water). 

The rotation of the free acid was also determined in 50 per cent 
alcohol. 0.1356 gm. of the barium salt was treated with 0.5 cc. of 
concentrated hydrochloric acid and 2.5 cc. of absolute alcohol. 
The solution was then diluted to 5 cc. with water. In a 1 dm, 
tube the rotation was found to be +0.23°. Hence, 

I Q 23 ° y 100 

[“Id = . ' vr -;r~ = + [M]“ = + 29 . 3 ° (in so per cent alcohol). 

1 X J. 17 o 
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ON THE RING STRUCTURE OF METHYLGLUCODESO- 

SIDE 

By P. a. LEVENE and L. A. MTKESKA 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, July 3, 1930) 

The great instability of the ribodesoscnucleosides as well as that 
of ordinary glucosides of 2-desoxy sugars made it necessary to 
investigate into the ring structure of these glucosides inasmuch 
as in regard to stability they resembled very much the v-glucosides 
having the <1,4> structure. It is natural that the same ques¬ 
tion should also have interested Bergmann and while the present 
investigation was in progress there appeared a paper by Bergmann 
and Breuers dealing with this problem.^ These authors prepared 
4-glucosidoglucodesose from cellobiose. This disaccharide could 
not form a < 1,4 > glucoside and yet the methylglucoside prepared 
by them was characterized by a great instability. Thus, they 
attributed to the common methylglucodesoside the <1,5> ring 
structure. However, to make their proof really rigorous, they 
should have demonstrated that methylglucodesoside prepared 
from the disaccharide was identical with the glucoside prepared 
directly from the glucodesose. In view of this fact our work was 
brought to a conclusion and decisive evidence was furnished for 
the <1,5> structure of the methylglucodesoside. Our conclu¬ 
sion is based on the following facts. 

Glucodesose was oxidized to the acid, which was converted into 
the lactone and the lactone was methylated. On the other 
hand, methylglucodesoside was exhaustively methylated. The 
methylated glucoside was converted into the corresponding sugar 
which was oxidized to the corresponding methylated sugar acid 
and this transformed into the corresponding lactone. In this 

1 Bergmann, M., and Breuers, W,, Ann, Chem,, 470,51 (1929). 
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way two trimethyl glucodesonic lactones were obtained, one 
starting from glucodesonic acid and the other from methylglu- 
codesoside. To the first lactone, structure I may be attributed 
by analogy with other sugar acids. 


O 

C- 

I 

CH, 

I 0 
CH,OCH 

I 

HC- 

I 

HCOCH, 

I 

CHiOCH, 
<1,4> lactone. 
Crystalline. 

1 . 


0 

C-1 

I 

CH, 

I 

CH,OCH O 

I I 

HCOCH, 


CH,OCH, 
<1,5> lactone. 
Liquid. 

II. 


The conclusion regarding the ring structure of the second lactone 
depends upon its identity or non-identity with the former. The 
first lactone crystallized readily. It was practically inactive in 
chloroform solution and had a rotation of [afj^ = +21.5° in 
benzene. The second lactone was a liquid and had a rotation of 
[«]?? == +87.5° in chloroform and of [a]^ = +88.2° in benzene. 
Hence the two lactones are not identical and it is warranted to 
assign the <1,5> ring structure to the second one and on the basis 
of this, also to the parent glucoside. Thus the great instability of 
the 2-desoxyglucoside is due not to a <lj4> structure but to 
the reduced state of carbon atom 2. 


EXPERIMENTAL 

2-Desoxy-d-Gluconic Acid .—The oxidation of 2-desoxy-d-glucose* 
was carried out following the method of Goebel.* The solutions 
used were prepared as follows: Solution A, 76 gm. of finely pulver¬ 
ized iodine were thoroughly mixed with 150 gm. of barium iodide, 

* Bergmann, M., Schotte, H., and Lechinsky, W., Ber. chem. Oes.j 66, 
165 (1922). 

* Goebel, W. F., J. Biol. Chem., 72,801 (1927). 
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1900 cc. of water were added, and the mixture was shaken until 
all the iodine and barium iodide were dissolved; Solution B, 124 
gm. of Ba(OH) 2-8 H 2 O were dissolved in 1900 cc. of water. 

The oxidation of the sugar was carried out as follows: 4 gm. 
of 2-desoxyglucose were dissolved in 322 cc. of Solution A. The 
mixture was cooled to -5° and 487 cc. of Solution B were added 
from a dropping funnel in the course of 10 minutes with vigorous 
stirring. During the addition of the hydroxide the temperature 
was maintained at —5^. When all the barium hydroxide was 
added, the reaction was allowed to proceed for 5 more minutes. 
22 gm. of lead carbonate were then added, and then 52 cc. of 25 
per cent sulfuric acid. After a few minutes of stirring, enough 
lead carbonate was added to render the solution neutral to Congo 
red. The lead iodide was then filtered off and the filtrate concen¬ 
trated to a small volume under redu<:ed pressure. The last traces 
of hydroiodic acid were removed by treating the solution with a 
small excess of silver sulfate. Silver and lead were then removed 
with hydrogen sulfide. The solution was finally treated with an 
excess of barium carbonate and filtered. On concentration of the 
filtrate, the barium salt separated in crystalline form, and was 
filtered off. A second crop of salt was obtained from the filtrate 
by pouring it into a fairly large volume of methyl alcohol. The 
total yield of the Ba salt was 6.14 gm. It analyzed as follows: 

4.485 mg. substance: 4.790 mg. CO2 and 1.775 mg. HaO. 

6.470 “ : 3.055 BaSOi. 

CiaHaaOiaBa. Calculated. C 29.06, H 4.44, Ba 27.88. 

Found. ** 29.12, 4.42, 27.80. 

In order to obtain the free acid, the salt was dissolved in water 
and the barium quantitatively removed with sulfuric acid. On 
concentration under reduced pressure the acid separated in crystal¬ 
line form. It melted at 145° (uncorrected) and analyzed as follows: 

5.705 mg. substance: 8.250 mg. COa and 3.260 mg. HaO. 

C«Hi,Ofl Calculated. C 40.00, H 6.66. 

Found. 39.92, ‘‘ 6.65. 

The pure substance showed a rotation of 
+ 0.15® X 100 


I” 

Id 


1 X 6.288 


+ 2.4° (in water). 
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1 hour later the rotation was 

. + 0.22'’ X 100 , , 

f„l" _ -— «» + 0.0 . 

^ 1 X 6.288 


3 days later it was 


W“ 


4- 2.09° X 100 
1 X 6.288 


+ 33.2^ 


At the end of that time equilibrium had not been reached. 

Glucodesonic Lactone .—As was to be expected, it was found that 
the rate of lactone formation was accelerated by raising the tem¬ 
perature. It was therefore found expedient to make a 2 per cent 
solution of the acid and to heat it in sealed tubes for 24 hours 
in a steam-heated water bath at 100°. The solution was then 
concentrated to nearly dryness under reduced pressure and in 
order to remove as much water as possible, the residue was taken 
up in benzene and the latter removed by distillation under reduced 
pressure, the operation being repeated several times. On stand¬ 
ing, beautiful colorless needles settled out on the walls of the flask. 
The contents of the flask were then dissolved in a large excess of 
acetone. Only a small part remained insoluble. As a rule, 2.0 
gm. of the acid were used for each experiment. For the extraction 
with acetone several experiments were combined. The hot acetone 
extract was allowed to concentrate in a vacuum desiccator. The 
first crystals which formed on standing were composed in the 
main of the acid. From the mother liquor the lactone crystal¬ 
lized in heavy crystals, about four or five crops of crystals 
being obtained. For final purification it required five recrystalli¬ 
zations. Only then did the substance acquire a rather sharp melt¬ 
ing point of 95-97*^ (uncorrected). The composition of the sub¬ 
stance was the following. 


4.475 mg. substance: 7.310 mg. CO 2 and 2.575 mg. HaO. 

CeHioO«. Calculated. C 44.42, H 6.21. 

Found. 44.54, 6.19. 

The rotation of the substance was 


^ « + 1.36“ X 100 

[«]d “ 


1 X 2 


+ 68.0® (in water). 
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TrimethyUd^glucodesonic Lactone <1,4> •—The above lactone was 
methylated once with methyl iodide and silver oxide first in 
acetonic solution and the product of this methylation remethylated 
directly in methyl iodide solution. 4.0 gm. of the crystalline 
lactone were dissolved in acetone and methylated with an excess 
of methyl iodide. The product of the second methylation was 
concentrated to a thick syrup under diminished pressure. The 
residue was taken up in very little ether and was allowed to stand 
in a desiccator at 10°. After several hours the substance turned 
into a crystalline mass. The substance was recrystallized from 
ether, tt contracted at 59° and melted at 62° (uncorrected). 
It had the following composition. 

4.710 mg. substance: 9.175 mg. CO 2 and 3.315 mg. H 2 O. 

4.280 “ : 14.75 Agl (Zeisel). 

C JlifiOs. Calculated. C 52.90, H 7.80, OCH, 45.65. 

Found. ‘‘ 53.12, 7.87, “ 45.34. 

There was no decisive rotation in chloroform. 

The rotation was 

[«]” “ ^ ^ “ + 21.5*’ (in benzene). 

Trimethyl-d-Meihyglucodesoside ,—The methyl 2-desoxy-d-gluco- 
side used in this experiment was prepared according to the direc¬ 
tions of Bergmann and coworkers.** Without any purification 
other than the removal of the hydrochloric acid and the solvent, 
the glucoside was methylated with dimethyl sulfate and sodium 
hydroxide in the usual manner. For 10 gm. of the glucoside, 84 
cc. of dimethyl sulfate and 84 cc. of 30 per cent sodium hydroxide 
were used. 

The reaction flask was fitted with two graduated funnels, a 
return condenser, and a mechanical stirrer. 10 gm. of the gluco¬ 
side were dissolved in 10 cc. of water and transferred into the 
reaction flask. 10 cc. of sodium hydroxide were then introduced 
through one of the dropping funnels and the mixture was heated 
to 50° in a water bath. The dimethyl sulfate and the sodium 
hydroxide were then allowed to flow at equal rate each from a 

^ Bergmann, M., Schotte, H., and Lechinsky, W., Ber. chem. Ges.f 66, 
169 (1922). 
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separate funnel into the rapidly stirred solution. Care was taken 
to keep the solution slightly alkaline throughout the reaction. 
The water bath was maintained at 50® during the first half of 
the reaction, and at 60® during the latter half. When all the alkali 
and dimethyl sulfate had been added, the mixture was heated for 
another half hour to decompose all the dimethyl sulfate. The 
glucoside was then extracted with chloroform and the solution was 
washed free of alkali and dried over sodium sulfate. The chloro¬ 
form was removed and the glucoside distilled under a pressure of 
0.35 mm. It distilled at 86-90®. The rotatory power of the 
glucoside varied with the different preparations, ranging from 
[ajo = +64® to [q:]d® = +97® (in chloroform). The relative 
amount of a and /3 forms obviously varied with the various experi¬ 
ments. The pure methylated glucoside analyzed as follows: 


5.690 mg. substance: 11.180 mg. CO 2 and 4.570 mg. H 2 O. 

0.1053 gm. ‘‘ : 0.4487 gm. Agl (Zeisel). 

C 10 II 20 O 4 . Calculated. C 54.54, H 9.09, OCH 3 56.31. 

Found. 54.34, 9.01, 56.24. 

TrimethyUd-Glucodesose.—10 gm. of trimethyl-2-dcsoxymethyl- 
d-glucoside were dissolved in 200 cc. of hot 0.1 n hydrochloric acid 
and heated for 10 minutes on the steam bath. The solution was 
cooled, treated with an excess of silver sulfate, and the filtrate freed 
from sulfuric acid and evaporated to dryness under reduced pres¬ 
sure. The residue was taken up in warm ether and filtered. The 
filtrate was transferred to a beaker and evaporated to dryness in 
a vacuum desiccator. The residue, obtained in a good yield, 
crystallized spontaneously. It was recrystallized from a mixture 
of ether and petrolic ether. When pure it melted at 58-61® and 
showed a rotation of 


1 “ « + 2.30° X 100 
“ 1 X 3.864 

« ^ + 1.28° X 100 
“ 1 X 3.864 


+ 59.5® (in water). 


+ 33.1® (at equilibrium in water). 


It analyzed as follows: 

5.045 mg. substance: 9.705 mg. CO 2 and 3.935 mg. H 2 O. 
5.000 “ “ : 17.110 Agl (Zeisel). 

CjIIisOfi. Calculated. C 52.42, H 8.73, OCH, 45.14. 

Found. ‘‘ 52.45, 8.72, “ 45.17. 
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Trimethyl-d-Glucodesonic Acid ,—The procedure for the oxida¬ 
tion of trimethyI-2-desoxy-d-glucose was similar to that used for 
the oxidation of 2-desoxy-d-glucose. Slight modifications were 
made, however: Solution B was added in the course of 5 minutes 
and the reaction was allowed to proceed for 5 minutes more before 
the lead carbonate and sulfuric acid were added. The proportions 
of the various reagents used were exactly the same. The salt, 
which was obtained as a viscous residue after evaporation to dry¬ 
ness, was taken up with a little dry methyl alcohol and filtered. 
The filtrate was concentrated and then poured into a mixture of 
methyl alcohol and ether. The Ba salt separated as a white 
amorphous powder. It was pure without further treatment as 
indicated by the analysis: 

7.170 mg. substance: 9.680 mg. CO 2 and 3.650 mg. H 2 O. 

11.030 “ : 4.530 “ BaSOi. 

(CflHi70«)2Ba. Calculated. C 37.26, H 5.90, Ba 23.70. 

Found. 36.81, ‘‘ 5.69, 24.16. 

This salt showed the following rotation. 


„ ^ + 1.45° X 100 
2 X 4.000 


4* 18.r (in water). 


The acid showed the following rotations. 

0.0914 gm. of salt was dissolved in 1 equivalent of 0.1 n hydro¬ 
chloric acid and the solution was diluted to 5 cc. with water. 


« + 0.62° X 100 
“ 2 X 1.4014 


+ 22.r. 


0.0756 gm. of salt was dissolved in 1 cc. of 36 per cent hydro¬ 
chloric acid (excess) and the solution was diluted to 2.5 cc. 
with water. 


+ 1.34° X 100 
1 X 2.3184 


+ 57.8°. 


Trimethyl'-d-Glucodesonic Lactone <1,6 >.—The above barium 
salt was dissolved in water and the barium removed quantitatively. 
The solution was then concentrated under reduced pressure. The 
residue did not dissolve completely in ether; hence it was taken 
up in acetone and concentrated at 0.02 mm. pressure, the tern- 



168 


METHYLGLUCODESOSIDE 


perature of the bath being 80°. This residue analyzed fairly well 
for the lactone (C = 52.81 and H = 7.48). The substance was 
then taken up in ether and the solution filtered from a slight 
insoluble precipitate. The ether was then removed by distilla¬ 
tion and the residue distilled. It boiled at 137° under a pressure 
of 0.02 mm. This boiling point, however, is not regarded as 
definitely correct in view of the small quantity of material avail¬ 
able. The distillate analyzed correctly for the lactone. 

4-870 mg. substance: 9.470 mg. COa and 3.500 mg. HaO. 

CaHiaO*. Calculated. C 52.90, H 7.80. 

Found. 53.02, “ 8.04. 

The rotation of the substance was as follows: 


+ 3.5° X 100 ^ ^ chloroform). 

1X4 


M 


5* 

D 


4- 0. 90° X 100 
1 X 1.02 


4- 88.2° (in benzene). 



[Reprinted from The Journal op Biological Chemistry, September, 1930, 
Vol. 88, No. 2, pp. 513-518] 


THE ACTION OF BENZOIC PERACID ON SUBSTITUTED 

GLUCALS 

By P. a. LEVENE and ALBERT L. RAYMOND 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, June 28, 1930) 

The observations to be reported in this communication are the 
outcome of experiments performed with the aim of converting 
certain glucose derivatives into the corresponding derivatives of 
mannose.^ A convenient method for such transformation was 
given by Bergmann and Schotte who converted glucal into man¬ 
nose^ by the action of benzoic peracid. The reaction proceeded 
in the same sense in the case of glucals substituted in position (4), 
4-gIucosidomannose being obtained from cellobiaP and 4-galacto- 
sidomannose^ from lactal. 

However, we now find that when S-methylglucal and triacetyU 
glucal are acted upon by benzoic peracid the reaction proceeds ab¬ 
normally and yields glucose derivatives. As the glucal is substi¬ 
tuted on carbon atom (3) in both of these cases, it seems that the 
addition of the hydroxyls to the carbon atoms of the glucal is 
directed by the character of the groups attached to carbon atom 
(3).® Although this abnormal reaction was disappointing for 
our present purpose, it may be of service on other occasions. 

In the case of the triacetylglucal, moreover, the benzoic peracid 

^ In this connection we may mention that we have obtained from aceto- 
bromomannose (from the /3-pentacetate) the same triacetylglucal as that 
from acetobromoglucose, which may be taken to indicate that the two aceto- 
bromo derivatives have the same ring structure. 

* Bergmann, M., and Schotte, H., Ber, chem, Gea,, 64, 440 (1921). 

* Bergmann, M., and Schotte, H., Ber, chem. Gea., 64,1564 (1921). 

^ Bergmann, M., Ann. Chem., 434,79 (1923). 

■ It is possible that in the normal reaction an oxide is formed between 
carbon atoms (2) and (3). 
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added directly to the double bond and yielded a benzoyl triacetyl- 
hexose. The same product was obtained in about equal yield 
when the reaction was performed in the presence of water. At 
the moment we are concerned only with the fact that the sub¬ 
stance is a derivative of glucose, but we intend to report later on 
its structure. 

EXPERIMENTAL 

S-Methylglucal 

S-Methylletracetylglucose. —This substance was prepared in the 
usual way by the action of acetic anhydride and pyridine on 
3-methylglucose. The product was obtained as a colorless syrup 
which thus far could not be made to crystallize. It analyzed as 
follows: 

5.860 mg. substance: 10.665mg. COj and 3.215mg. HjO. 

Ci6Ha20io. Calculated. C 49.70, H 6.13. 

Found. 49.63, 6.14. 

Bromo-3-MethyUriacetylglucose, —This substance was prepared 
from the tetraacetate with hydrogen bromide in acetic acid in 
essentially the usual way. Again a colorless syrup was obtained 
which thus far could not be crystallized. However, its bromine 
content was practically theoretical; being 19.5 per cent whereas 
the calculated value is 19.98 per cent. 

8~MethyldiacetylglucaL —The acetobromo-3-methylglucose was 
treated with zinc dust^ in 50 per cent acetic acid in the usual way. 
Again the product did not crystallize. It was therefore purified by 
distillation under reduced pressure. At 0.2 to 0.3 mm. pressure 
it.distilled at 125®. In one instance the product obtained in this 
manner was practically pure glucal on the basis of titration with 
bromine; in another case, the product titrated for 85 per cent 
glucal and a second distillation was necessary to obtain an analy¬ 
tically pure product. The yield varied from experiment to ex¬ 
periment. In the best experiment 32.0 gm. of the diacetyl-3- 
methylglucal were obtained from 100.0 gm. of 3-methylglucose. 
In another experiment 15.0 gm. were obtained from 60.0 gm. of 
3-mcthylglucose. 

• We acknowledge with pleasure our indebtedness to The Sullivan Min¬ 
ing Company for their generosity in furnishing us with zinc dust of high 
activity. 
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The substance had the following composition. 

6.380 mg. substance: 10.680 mg. CO 2 and 3.235mg. HiO. 

CuHieOe. Calculated. C 54.07, H 6.61. 

Found. “ 64.13. “ 6.72. 

The rotation of the substance was 

° ^ ° -33.0° (in chloroform). 

2X2 

S-Methylglucah —32.0 gm. of the glucal were added to a solution 
of 80.0 gm. of barium hydroxide and 475 cc. of water, cooled to 0®. 
The suspension was shaken in a mechanical shaker until the 
acetylglucal was completely dissolved. Carbon dioxide gas was 
passed through the solution and the filtrate from the barium car¬ 
bonate was evaporated to dryness under reduced pressure. The 
residue was extracted with alcohol and the alcoholic extract con¬ 
centrated under reduced pressure to a thick syrup which was 
reevaporated a few times with benzene. Soon the 3-methylglucal 
began to crystallize on the walls of the flask in long needles. 
The substance was dissolved :n dry ether from which it crystal¬ 
lized again in long needles. It melted at 62-63® (uncorrected) 
and had the following composition* 

4.890 mg. substance: 9.400 mg. CO 2 and3.245 mg. H 2 O. 

C7H12O4. Calculated. C 52.47, H 7.50. 

Found. “ 52.42, “ 7.42. 

The rotation of the substance was 

t«]?? = "" +14.0® (in chloroform). 

Conversion of 3-Methylgliical to 3-Methylglucose, —Three ex¬ 
periments were performed, the first of which will be described in 
detail. 5 gm. of the glucal were dissolved in 50 cc. of water chilled 
to initial ice formation. To the solution were added 5.0 gm. of 
benzoic peracid dissolved in chloroform. The mixture was shaken 
until the aqueous layer no longer decolorized a very dilute aqueous 
solution of bromine. The aqueous layer was then separated in a 
separatory funnel, extracted several times with benzene to remove 
benzoic acid, and finally concentrated nearly to dryness and the 
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distillation continued with benzene. The dry residue was taken 
up in 25 cc. of 99.8 per cent alcohol. 2.0 cc. of this solution were 
treated with 1 equivalent of phenylhydrazine in the hope of 
obtaining a phenylhydrazone but none formed. 5.0 cc. were 
added to an equivalent of benzylphenylhydrazine but again no 
crystalline hydrazone formed. The remaining solution was con¬ 
centrated under diminished pressure nearly to dryness whereupon 
the substance crystallized. The yield was 1.3 gm. For analysis 
it was recrystallized from ethyl alcohol (99.8 per cent). The sub¬ 
stance melted at 160-162® and had the following composition. 

5.530mg. substance; 8.730 mg. CO* and 3.575 mg. HaO. 

CtHuO,. Calculated. C 43.27, H 7.27. 

Found. 43.05, ** 7.23. 

The rotation of the substance in water was 


.l30 


Initial. 
4-1.90° X 100 
1 X 2 


4-95.0°, 


.l20 


Equilibrium. 


+1.05° X 100 
1X2 


+62.6°. 


Thus it was evident that the substance was 3-methylglucose. 
As Bergmann and his coworkers had used the benzoic peracid in 
ethylacetate solution, two experiments were performed with this 
solvent. 3.0 gm. of the glucal were used and the yield of crystal¬ 
line 3-methylglucose was 1.0 gm. in one case and 1.7 gm. in 
another. 

There remained the possibility that the abnormality of the reac¬ 
tion was due to some impurity in the reagent. To exclude this 
possibility unsubstituted glucal was acted upon by the same benzoic 
peracid in both chloroform and in ethylacetate solution and in 
both cases a nearly theoretical yield of mannose was obtained. 
The phenylhydrazone formed immediately on addition of the 
equivalent of phenylhydrazine. 

Triacetylglucal 

Acetoglucal and Benzoic Peracid .—The acetoglucal was prepared 
in the usual way and recrystallized from alcohol and petrolic 
ether, giving a product with a rotation of [a] “ = —15.1° (in 99.8 
per cent alcohol). 

26 gm. of this acetoglucal were dissolved in 50 cc. of dry chloro- 
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form and 200 cc. of a 0.54 molal solution of benzoic peracid in 
chloroform were added (a 10 per cent excess). The mixture was 
kept at 8-10° for 19 hours and then at room temperature for 6 
hours. At the end of this time a sample tested with potassium 
iodide and acid showed that a little more than the theoretical 
amount of the benzoic peracid had disappeared. The chloroform 
solution was shaken repeatedly with sodium bicarbonate solution, 
washed with water, dried with sodium sulfate, and concentrated 
under reduced pressure to a syrup. This was taken up in hot 
isobutyl alcohol from which the product crystallized on standing 
in the ice box. By concentrating the solution further, two addi¬ 
tional crops were obtained. The combined material, 12 gm., 
was dissolved in 30 cc. of hot isobutyl alcohol and filtered with 
charcoal. The solution was kept overnight in the ice box, the 
crystals were filtered off, and washed with petrolic ether-isobutyl 
alcohol (1:1) and then with petrolic ether. The crystals were 
fine, colorless needles and the yield of air-dried material was 10 gm. 
M.p. 139-140°. [a]^i == +6.5 (in chloroform). Further recrys¬ 
tallization gave a material with a m.p. of 140.0-140.5° and 

Wo = A “ +^-2' chloroform). 

2X4 

No mutarotation was observed in 5 hours. The analysis was as 
follows: 

5.495 mg. substance: 11.200 mg. COa and 2.590 mg. HaO. 

CxoHaaOio. Calculated. C 55.68, H 5.41. 

Found. 55.58, ** 5.27. 

0.100 gm. of substance shaken with 20.00 cc. of 0.100 n NaOH 
for 6 hours required 10.10 cc. of 0.100 n HCl for neutralization. 
Calculated for four acyl groups 9.75 cc. Found, 9.90. 

The experiment was repeated but 10 cc. of water were added 
to the solution of acetoglucal and benzoic peracid in chloroform 
and the mixture was shaken vigorously in a machine until the 
reaction was complete (19 hours). The isolation was done in the 
manner described above. The yield of recrystallized product 
from 27 gm. of acetoglucal was 9 gm. 

The original experiment was repeated,but for the isolation of the 
product the chloroform solution was concentrated to a thick syrup 
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which was repeatedly extracted -vith petrolic ether (40-60°). 
The insoluble residue was taken up in hot isobutyl alcohui. On 
standing in the ice box, 10 gm. of crys ^alline product were obtained. 
After recrystallization from isobutyl alcohol the product melted 
at 140-141° and had a rotation of 

[a]^® = +6.9® (in chloroform). 


In order to learn whether the substance was a derivative of 
mannose or of glucose, 5.0 gm. of recrystallized material were 
shaken with a saturated (at 0°) solution of dry ammonia gas in dry 
methyl alcohol, until dissolved. The solution was kept at 2 to 4° 
for 15 hours and then at room temperature for 4 hours. It was 
then concentrated under reduced pressure to a thick syrup which 
was repeatedly extracted with ethyl acetate. The residue was 
dried, dissolved in water, and diluted to 10.0 cc. A reduction 
determination (Willstatter) indicated 0.167 gm. of hexose per cc. 
The rotation, at equilibrium, of 1.0 cc. of the solution diluted to 5.0 
cc. with water and measured in a 2 dm. tube (sodium D light) 
was +3.84°. The rotation, calculated from the reduction 
value on the assumption that the sugar is glucose, would be 


0.167 X 52.5° X 2 
5 


+3.51° or if mannose, 


0.167 X 14.6° X 2 
5 


+0.98°. 


On treating the above aqueous solution with phenylhydrazine, 
no insoluble hydrazone was obtained. On heating with phenyl¬ 
hydrazine and acetic acid, glucosazone resulted, being identified 
by its melting point and mixed melting point with a pure sample. 

Thus it seems that the addition product of the acetoglucal 
and benzoic peracid is a benzoyl triacetylglucose. 



[Reprinted from The Journal of Biological Chemistry, October, 1930, 
Vol. 88, No. 3, pp. 753-769] 


INTESTINAL NUCLEOTIDASE 

By P. a. LEVENK and ROBERT T. DILLON 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, June 28, 1930) 

INTRODUCTION 

The ncc(\ssity of using enzymatic hydrolysis of the nucleic acids 
for the study of their structure has long been realized and earlier 
work towards this end led to the discovery of enzymes^ capable of 
splitting nucleic acid to nucleotides, to nucleosides, or to phospho- 
sugars. In recent years^ these enzj'^mes have been the object of 
considerable attention, particularly those classed as nucleotidases 
(phosphatases) which bring about the cleavage of phosphoric 
acid from the molecules. This paper deals with this latter type 
of enzymes which occur in the intestinal secretions. 

Nucleotidases are widely distributed in the animal body. How¬ 
ever, they are accompanied by other enzymes of which the nucle¬ 
osidases are the most disturbing inasmuch as such preparations 
carry the hydrolysis beyond the phase of nucleosides. Fortunately, 
the intestinal secretion is free of nucleosidases. By virtue of tliis 

^ Levene, P. A., and Medigrcccanu, F., J. Biol. Chem.j 9, 65, 375, 389 
(1911). 

2 See for example: Levene, P. A., Yamagawa, M., and Weber, I., J. Biol. 
Cheryl.j 60, 693 (1924). Levene, P. A., and Weber, I., J. Biol. Chem., 60,707, 
717 (1924). von Euler, H., and Brunius, E., Arh. Kemi Mineral. Geol.^ 9, 1 
(1927); Bpt. chem. Ges.^ 60, 1584 (1927). Martland, M., and Robinson, R., 
Bioehem. J., 21, 665 (1927); 23,237 (1929). Deutsch, W., Z. physiol. Chem., 
171, 266 (1927). Erdtmann, H., Z. physiol. Chem., 172, 182 (1927); 177, 
211, 231 (1928). Akasawa, J. Bioehem., Japan, 10, 157 (1928). Levene, P. 
A., and London, E. S., J. Biol. Chem., 81, 711 (1929); 83, 793 (1929). Hom- 
merberg, C., Z. physiol. Chem., 186, 123 (1929). Deutsch, W., and Rosier, 
K., Z. physiol. Chem., 186, 146 (1929). Deutsch, W., and Laser, R., Z. 
physiol. Chem., 186, 1 (1929). Tannhauser, S. J., and Angermann, M., Z. 
physiol. Chem., 186,13 (1929). 
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property, intestinal juice was used successfully for the preparation 
of nucleosides of the thymus nucleic acid.® 

Thus a nucleotidase free of nucleosidase can be prepared; not 
however, a nucleosidase free of nucleotidase, and such an enzyme 
is needed for the preparation of ribophosphoric and of desoxyribo- 
phosphoric acids. 

With a view of accomplishing the separation of the two enzymes 
a systematic study of the properties of nucleotidase was under¬ 
taken. The present paper deals with the question of the specificity 
of intestinal nucleotidase. In order to study this specificity, a 
comparative study was made of the action of the enzyme on a 
series of phosphoric esters as follows: 

1. Glycerol phosphate (used as a standard for enzyme activity). 

2 . Phospho-sugars. 

(a) Hexosemonophosphate from a-diacetonefructose. 

(b) “ /3-diacetonefructose. 

(c) Ncuberg monophosphate. 

(d) Hexosediphosphate. 

(e) “ methylglucoside. 

(/) Hexosemonophosphate from monoacetoneglucose. 

(g) ** ** diacetoneglucose. 

3. Nucleotides. 

(а) Adenilic acid. 

(б) Inosinic ** 

(c) Uridine phosphoric acid. 

4. Nucleic acids. 

(а) Yeast nucleic acid. 

(б) Thymus nucleic acid. 

The substrate concentrations were in general 0.161 molal in order to 
permit the isolation of the products of hydrolysis if desired. How¬ 
ever, in the case of thymus nucleic acid this condition was a handi¬ 
cap inasmuch as the substrate or some hydrolytic product inhibits 
the reaction considerably at this concentration. 

The hydrolyses were carried out at a pH of 8.6 to 8.7, this value 
being slightly below the optimum pH of 9.0 to 9.2. Since the 
dissociation constants of phosphoric acid, glycerol phosphate, and 
hexosephosphates are nearly the same^ there was no change in pH 

* Levene, P. A., and London, E. S., /. Biol. Chem.j 81,711 (1929); 83,793 
(1929). 

* Meyerhoff, O., Naiurwissenschaften, 14,1277 (1926). 
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on hydrolysis® and hence for these substrates no buffers were 
necessary. Likewise, none was required for the nucleotides, but 
for the nucleic acids suitable buffers, namely diethylbarbiturate, 
borate, and acetate, were used. 

The initial rates of hydrolysis of all of the substances studied 
are given in Table I. For purposes of comparison, the rates in 
this table were calculated to correspond to an arbitrary enzyme 
concentration of 2 activity units* per cc. of substrate solution. 


TABLE I 

Comparative Rates of Hydrolysis 


Sample 

No. 

Substance. 

Initial 
rate, mg. 

P per cc. 
per hr. 

Relative 

rate. 

1 

Glycerol phosphate. 

2 20 

1.00 

2 b 

Ilexosernonophosphate from /5-dincctonefruc- 
tose. 

2 20 

LOO 

0.91 

2 e 

Hexosediphosphate mcthylglucoside. 

2.00 

2 d 

Hexosediphosphate. 

1.96 

0.89 

2 f 

Hoxoscmonophosphate from monoacctoneglu- 
oosc. 

1.94 

0.88 

2 c 

Neubcrg monophosphate. 

1.90 

0.86 

2g 

Hexosemonophosphatc from diacetoneglucose. 

1.54 

0.69 

2 a 

a-diacetonefruc- 

tosc. 

1.40 

0.64 

3 c 

Uridine phosphoric acid. 

1.78 

0.81 

3 a 

Adenilic acid. 

1.30 

0.59 

3 b 

Inosinic “ . 

0.80 

0.36 

4 a 

Vcast nucleic acid. 

0.15 

0.07 

4 b 

Thvmus “ “ . 

0.10 

0.05 


The hydrolyses were nearly complete in 6 to 12 hours except in 
the case of the nucleic acids. Complete hydrolysis of the latter 

^ When 0.016 molal glycerol phosphate (i.e.j 0.1 the usual concentrations) 
was used, a slight increase in pll was observed ( ^ 0.2 to 0.3 pH) which is in 
agreement with the results published recently by Hommerberg. (Hommer- 
berg, C., Z. physiol. Chem.j 186,123 (1929).) This author used exceedingly 
dilute solutions of glycerol phosphate (0.001 to 0.007 molal) and he found 
that the pH increased by nearly 1.0 unit during hydrolysis. The increase, 
however, cannot be due to the reason ascribed to it by this author, namely 
to the liberation of free phosphoric acid, for the reason indicated above. 

« For definition, see p. 180. 
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compounds could not be accomplished even by adding additional 
portions of enz 3 ane. It is interesting to note that the nucleotides 
hydrolyze nearly as rapidly as the sugar esters but that the nucleic 
acids hydrolyze much more slowly. Uridine phosphoric acid is 
more rapidly split than adenilic acid and this latter in turn more 
readily than inosinic acid. This order is different from that in 
the case of hydrolysis with acid, where adenilic acid is split more 
rapidly than either uridine phosphoric acid and inosinic acid (the 
rates of the last two being nearly the same). It is also seen that 
with regard to the intestinal enzyme, thymus nucleic acid is some¬ 
what more resistant than yeast nucleic acid. The rates of hydrol¬ 
ysis of hexosediphosphate and hexosediphosphate methylglucosidc 
are exactly the same. No reducing sugars could be detected in 
the hydrolysates of hexosediphosphate methylglucosidc or of the 
nucleotides, as was expected because of the absence of nucleosi¬ 
dases’ in the enzyme preparations used. 

Instead of using the intestinal juice directly as in a previous 
work''^ the enzyme precipitated from its solutions with acetone was 
used. Different samples thus obtained hydrolyzed a standard glyc¬ 
erol phosphate solution at approximately the same rate. In addi¬ 
tion, these samples showed a constant parallelism in their capacity 
for hydrolyzing both nucleotides and thymus nucleic acid. How¬ 
ever, one sample showed an exceptional behavior. This sample had 
an activity towards glycerol phosphate slightly higher than the 
average and likewise hydrolyzed adenilic acid with the same high 
rate but hydrolyzed nucleic acid to phosphoric acid and to nucleo¬ 
sides very slowly, the initial rate being only one-tenth of the usual 
value. After 24 hours the extent of the hydrolysis was 17 per 
cent instead of 60 per cent. This sample had a distinctly green 
color instead of the customary yellow one, thus indicating the 
presence of bile products to which possibly the peculiar behavior 
of this sample may be attributed. It is equally conceivable that 
only slight hydrolysis occurred because of the absence of nuclein- 
ase, an enzyme converting polynucleotides into the component 
mononucleotides. If the latter explanation is correct, it may be 
assumed further that degradation of nucleic acids to nucleotides 
must precede the dephosphorylation, that is, the phosphatase is 

7 Levene, P. A., and Medigreceanu, F., J, Biol. Chem., 9,375 (1911). 
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capable of dephosphorylating nucleotides only, and not nucleic 
acids. This suggestion has already been made. Indeed, it was 
found that thymus nucleic acid was split more rapidly to nucleo¬ 
tides with the normal enzyme than with the abnormal sample. 

On this assumption it is unnecessary to postulate the existence 
of more than one phosphatase. 

The addition of magnesium ion in order to remove the inhibi¬ 
tion by the phosphate ion liberated in the hydrolysis of thymus 
nucleic acid gave results that were not as satisfactory as those 
carried out in the absence of magnesium ion. It may be that 
the inhibition by the magnesium ion and the ammonium acetate 
outweighs the advantage gained by the removal of the phosphate. 
The hydrolysis curve, as will be noted, is quite unlike the usual 
curves but the per cent hydrolysis finally reached the normal 
value. 


EXPERIMENTAL 

A, Standard of Phosphatase Activity .—As a basis for the assay 
of the enzyme activity of the samples the hydrolysis of a stand¬ 
ard sodium glycerol phosphate solution was used. This substrate 
is very convenient for this purpose since the hydrolysis may be 
readily followed directly on the hydrolysate. 

This glycerol phosphatase activity is probably a true measure 
of the general phosphatase activity of the samples, since the capac¬ 
ity of the enzyme for hydrolyzing the different types of organic 
phosphates (such as the phospho-sugars and nucleotides, but 
with the exception of the nucleic acids) seems to be proportional 
to their capacity for hydrolyzing glycerol phosphate. 

The glycerol phosphate standard solution was prepared by 
dissolving crystalline sodium glycerol phosphate (Eastman Kodak 
Company) in distilled water, the solution being made 0.322 molal 
on the basis of the phosphorus in the crystalline material. The 
solution was brought to a pH of 8.6, was protected with toluene, 
and was kept in the cold. The procedure in the assay was as fol¬ 
lows: to 10.0 mg. of enzyme were added 2.5 cc. of water and, after 
thorough shaking, 2.5 cc. of this standard glycerol phosphate 
solution. The solution was placed in a thermostat at 30°, and 
phosphate ion determinations were made at convenient time inter¬ 
vals according to the method indicated later for the phospho- 
sugars. 
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It was found convenient to adopt as a unit of activity the 
amount of enzyme capable of liberating from the glycerol phos¬ 
phate substrate, 1.0 mg. of phosphorus (as phosphate ion) in the 
course of the 1st hour of the hydrolysis. This amount of phos¬ 
phorus corresponds to a hydrolysis of 20 per cent since a 0.161 molal 
solution contains 5.0 mg. of phosphorus per cc. The activity 
coefficients are then given by dividing this initial rate by the 
weight of solid enzyme expressed in mg. per cc. 



Fia. 1. Effect of glycerol phosphate concentration. Enzyme concen¬ 
tration =» 1.0 mg. per cc. The glycerol phosphate concentration was for 
Curve 1,0.322 m; Curve 2,0.161 m; Curve 3,0.080 m. 

Within a limited range of concentrations the initial rates of 
hydrolysis are independent of the substrate concentration (Fig. 1) 
but are proportional to the enzyme concentration (Fig. 2). 

B. The Enzyme ,—The intestinal secretions of dogs collected 
from an intestinal fistula were the source of the crude enz 3 nne 
material used. These solutions varied considerably as to amount, 
activity, and opacity. The solutions as obtained had a pH of 7.0 
and were usually light yellow in color, though in some cases were 
distinctly green due perhaps to bile products. The solutions were 
filtered through cheese-cloth, centrifuged, and then poured into 10 
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volumes of acetone. The precipitate was quickly centrifuged, 
washed once with acetone, twice with anhydrous ether, and put 
into a vacuum desiccator to dry over phosphorus pentoxide and 
paraffin. The amount of precipitate obtainable in this way ranged 
from 5 to 10 mg. per cc. of solution but could be practically doubled 



Fig. 2. Effect of enzyme concentration. Glycerol phosphate concen¬ 
tration = 0.161 M. 

Knzyme concentration. Initial rate of hydrolysis. 

Curve 1, 2.0 mg. per cc. 1.40 mg. P per cc. per hr. 

2 , 1.0 ‘‘ 

3, 0.6 


it a 
ti i( 


+0.69 

+0.35 


fi it a 

it it it tt 


ti ti 
tt it 


by not centrifuging so quickly after the precipitation. The mate¬ 
rial obtained by more complete precipitation was not so satisfactory 
since it was not as stable nor as active as that obtained by more 
ranid work. The crude dry enzymes thus obtained were fluffy 
powders and possessed the characteristic color of the solution from 
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which they were precipitated except in a few cases where light 
yellow solutions yielded almost white samples. They were in 
general very stable and usually had activity coefficients between 
0.6 and 0.8, though occasionally samples as high as 1.0 and as low 
as 0.5 were obtained. The dry enzyme samples had an inorganic 
phosphate content equivalent to about 3 per cent of phosphorus, 
there evidently being no organic phosphates present since no liber¬ 
ation of phosphorus was observed when they were allowed to stand 
in solution. It may be mentioned here that the original enzyme 
solutions when kept at 0° and protected with a small amount of 
toluene, also maintained their glycerol phosphatase activity un¬ 
changed for as long as a month. However, the character, amount, 


TABLE II 

Enzijme Aclivities 


1 

Material. 

Activity units. 

Activity 
coefil- 
cient 
(units 
per 
mg ). 

Totjil 
activity 
recov¬ 
ered i>er 
cc. of 
solution. 

Original enzyme solution; dry weight, 
23.7 mg. per cc. 

1.45 per cc. 

0.061 

(1.45) 

Acetone-precipitated enzyme 
(o) Usual method of precipitation. 
Yield 5.84 mg. per cc. 

1.96 per 2 mg. 

0.98 

5.72 

(6) Maximum precipitation. Yield 
11.1 mg. per cc. 

1.00 per 2 mg. 

0.50 

5.55 


and activity of the precipitate prepared from solutions which 
were allowed to stand for some lime, did not appear to be as satis¬ 
factory as those prepared froni fresh enzyme solutions. 

By the simple acetone precipitation considerable purification 
of the enzyme was obtained, the activity coefficient increasing 
about 15-fold. This is shown in Table II. It also shows the effect 
of the method of purification adopted as compared to that of more 
complete precipitation. Thus, by approximately doubling the 
amount of precipitate the activity coefficient was halved, hence 
the total activity recovered was not increased. The fact that 
there was a greater activity in the precipitates than was apparently 
present in the original solution is probably due to inhibiting sub¬ 
stances contained in the latter. 
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C. Methods. Hydrolyses and Analyses .—The solutions of so¬ 
dium salts of the phosphate substrates were prepared differently 
according to the form in which the material was available. The 
origin of thevse samples will be indicated under the separate hy¬ 
drolysis experiments. In the case of sodium salts, they were dis¬ 
solved directly in distilled water to the correct volume and adjusted 
to the desired pH. In the case of the free phosphoric acid esters 
they were dissolved in dilute alkali to the correct volume and pH. 
In the case of the barium salts they were added to water, the cal¬ 
culated quantity of sodium carbonate solution was added slowly 
with stirring, the solutions centrifuged, and the filtrates used 
after testing for the absence of barium with a trace of sulfate, and 
bringing them to the correct pH. The concentrations were usu¬ 
ally such that on complete hydrolysis there would be liberated 
5.0 mg. of phosphorus per cc. of hydrolysate, that is 0.161 molal 
(diphosphates, 0.080 molal). Values differing from 5.0 mg. per cc. 
are indicated in the legends of the figures. Such values are placed 
in parentheses following the name of the substrate. In the case 
of thymus nucleic acid it was found better to use one-third of this 
concentration, though solutions containing up to 6 per cent of this 
nucleic acid were sometimes used. 

The enzyme concentrations were 2 mg. per cc. of substrate 
except in the case of the nucleic acids where higher and variable 
amounts (from 9 to 15 mg. per cc.) were used. Weighed amounts 
of enzyme were added directly to definite volumes of the sub¬ 
strates. 

The hydrolyses were carried out in a thermostat maintained at 
30°. The samples were in all cases protected from bacterial infec¬ 
tion by a small amount of toluene, a substance found to have no 
effect on the hydrolysis rates. Both chloroform and sodium arse¬ 
nate showed an inhibition. In some cases octyl alcohol was found 
useful as an antifroth in preparing the substrate solutions. It was 
interesting to find that it had a slight enhancing effect on the 
enzyme. This was indicated by the fact that the hydrolysis of 
glycerol phosphate in the presence of a few drops of this material 
was slightly more rapid than in its absence. The substrates were 
hydrolyzed at a pH of 8.6 to 8.7 and in most cases they maintained 
this value throughout the complete hydrolysis by virtue of their 
own buffering capacity at this pH. For the exception to this. 
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the nucleic acids, buffers of diethylbarbiturate, borate, and acetate 
were used.® The buffer solutions were used in the hydrolyses 
in the ratio of 1 cc. of buffer to 2 cc. of the nucleic acid substrate 
solution. The buffering capacity even under these conditions 
was not quite sufficient to prevent completely a change in the pH 
during the hydrolysis; small amounts of alkali were added occasion¬ 
ally, in order to maintain the pH within the range of 8.3 to 8.7. 

The rate measurements were made by determining colorimetri- 
cally the free phosphate ion concentration. The method of Kutt- 
ner and Cohen® was used. Nearly all of the experiments were 
made in duplicate. Initial determinations of the phosphate were 
always made and this value which was quite variable, though 
small, was corrected for in the curves which are given. Suitable 
samples were removed at convenient time intervals from the 
hydrolysates and treated differently according to the type of sub¬ 
strate. For the phospho-sugars, 0.5 cc. of the hydrolysate was 
pipetted into 4.5 cc. of 1 per cent trichloroacetic acid which was 
then filtered with the aid of a small amount of kieselguhr through 
an ordinary filter. This solution was diluted so as to be approxi¬ 
mately equivalent to the standard containing 0.025 mg. of phos¬ 
phorus per cc. 1 cc. samples were then compared with the stand¬ 
ard. In the case of the nucleotides and the nucleic acids the 
procedure was necessarily modified since the determinations could 
not be made directly on the trichloroacetic acid filtrates. The 
nucleotides did not precipitate with the trichloroacetic acid and 
interfered in the colorimetric method. The nucleic acid filtrates 
could not be clarified nor could the nucleic acid be completely 
precipitated. This later caused interference. For the nucleotides 
0.5 cc. samples of the hydrolysates were added to 2 cc. of water and 
1 cc. of magnesia mixture.^® To this, a drop of dilute ammonia was 

® The veronal buffer of pH 8.6 was made according to the directions of 
Michaelis (Michaelis, L., J. Biol. Chem.y 87, 33 (1930)). The borate buffer 
was the standard Clark and Lubs* (Clark, W. M., The determination of 
hydrogen ions, Bkltimore (1928)) boric acid-potassium chloride-sodium 
hydroxide buffer of pH 8.6. The acetate buffer was prepared by dissolving 
38.5 gm. (0.5 mol) of ammonium acetate in 13.5 cc. of 5 N ammonium hydrox¬ 
ide and diluting to 500 cc. 

» Kuttner, T., and Cohen, H. R., J. Biol. Chem., 76,517 (1927). 

1 liter of the magnesia mixture used contained 75 gm. of magnesium 
chloride (6 mols of water) and 100 gm. of ammonium chloride. 
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immediately added and the solution stirred thoroughly. The mag¬ 
nesium ammonium phosphate precipitated in this way was always 
crystalline. A minute later 1 cc. of concentrated ammonium hy- 
(koxide (sp. gr. 0.90) was added. Because the enzymatic hydroly¬ 
sis continued with an appreciable rate even in these strong am¬ 
monia solutions the precipitates were allowed to stand only 10 to 
15 minutes, after which time they were filtered through a micro 
filter and washed with 2 cc. of 2 per cent ammonium hydroxide. 
The precipitates were redissolved in 10 cc. of 0.5 n HCl, made up 
to 25 cc., diluted if necessary, and determined as usual. Actually, 
under the conditions employed the precipitation of the phosphate 
is essentially complete even in this short interval of time. 

In the nucleic acid experiments prior to precipitating the phos¬ 
phate the unchanged nucleic acid was removed. This was accom¬ 
plished by pipetting 5 cc. samples of the hydrolysate into an equal 
volume of 10 per cent trichloroacetic acid, adding some kiesclguhr, 
and filtering with suction. The filtrate, which was still turbid, 
became nearly clear when ammonia was added until slightly alka¬ 
line. After a short time the remaining turbid material coagulated 
and could be removed easily b^' filtering with an ordinary filter. 
To the filtrate (about 70 cc.) 3 to 5 cc. of magnesia mixture were 
added and the precipitate allowed to become well formed before 12 
cc. of concentrated ammonia were added. The precipitate was 
allowed to stand overnight, was filtered off in a small Gooch funnel, 
dissolved in 15 cc. of 1 n HCl, and the phosphate determination 
performed as usual. 

In order to avoid the inhibition effect of the phosphate^^ it was 
desirable to carry out a hydrolysis in which the phosphate was 
removed as fast as formed. The method was similar to that re- 
ported.^2 The nucleic acid was dissolved in magnesia mixture^® 
instead of in water, the solution was allowed to stand overnight. 

See Hommerberg, C., Z. physiol Chem.j 186, 130 (1929). 

1* Deutsch, W., Z. physiol. Chcm.j 186, 11 (1929). The amount of mag¬ 
nesium ion used in the hydrolysis experiment recorded there is obviously 
insufficient for the precipitation of the phosphate at the end of the 
hydrolysis. 

i» 1 liter of the magnesia mixture used contained 57 gm. of magnesium 
acetate (4 mols of water), 180 gm. of ammonium acetate, and 60 cc. of a 
10 per cent ammonium hydroxide solution. The solution was 0.25 molal 
in respect to Mg"*"^ and had a pH of 8.6. 
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and filtered. The filtrate was used with the acetate buffer in the 
usual manner. The phosphate which precipitated during the reac¬ 
tion was readily dissolved by 10 per cent trichloroacetic acid, so no 
modification of the phosphate analysis was necessary. 

Z). Hydrolysis of Phospho-Sugars .—The barium salts of the 
phosphoric acid esters from a- and jS-diacetonefructose are those 
previously prepared.^^ The barium salt of the Neuberg ester was 




Fig. 3. Fig. 4. 

Fig. 3. Hydrolysis of fructose phosphoric esters. Curve 1, glycerol phos¬ 
phate standard; hexosemonophosphate from /?-diacetonefructosc; Curve 2, 
Neuberg monophosphate; Curve 3, hexosemonophosphate from a-diace- 
tonefructose; Curve 4, hcxosediphosphate and the corresponding methyl- 
giucoside. 

Fig. 4. Hydrolysis of glucose phosphoric esters. Curve 1, hexosemono¬ 
phosphate from monoacetoneglucose (4.5 mg. P per cc.); Curve 2, hexose¬ 
monophosphate from diacetoneglucose; Curve 3, glycerol phosphate 
standard. 

prepared according to the method of Neuberg. The substrates 
for the hydrolyses were made from these samples as indicated 
above. The hydrolysis curves are shown in Fig. 3. The ester 
from jS-diacetonefructosc hydrolyzed at exactly the same rate as 
glycerol phosphate, whereas the ester from a-diacetonefructose 

Raymond, A. L., and Levene, P. A., J. Biol, Chem.j 83,619 (1929). 

“ Neuberg, C., Biochem. Z., 88,432 (1918). 
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hydrolyzed more slowly. The Neuberg monophosphate has a 
hydrolysis rate approaching that of the ester from )3-diacetonefruc- 
tose. TLhus the rate of hydrolysis of a phospho-sugar varies 
greatly with the position occupied by the phosphoric acid radical. 

The hexosediphosphate barium salt was prepared from the com¬ 
mercial calcium salt through the intermediary of the sodium salt. 
The methylglucoside of this hexosediphosphate obtained as the 
barium salt is that previously described.^® The hydrolysis curves 
for the two substances were practically identical and were midway 
between the curves (Fig. 3) for the ester from /3-diacetonefructose 
and the Neuberg ester. 

The hexosemcmophosphates from mono acetone-^ ^ and diacetonc- 
glucose^'^ were isolated as barium salts after having been purified 
as brucine salts. The hydrolysis curves of the substrates prepared 
from these samples are given in Fig. 4. The monophosphate ob¬ 
tained from monoacetoneglucose hydrolyzed at the same rate as 
the Neuberg ester. The rate of hydrolysis of the monophosphate 
from diacetoneglucose was lower than that of the preceding mono¬ 
phosphate, its rate being approximately the same as that of the 
phosphoric acid ester from a-diacetonefructose. 

E, Hydrolysis of Nucleotides .—Two purine derivatives, adenilic 
acid and inosinic acid were hydrolyzed. The former was ob¬ 
tained as the free crystalline acid and the latter as the barium 
salt. The pyrimidine nucleotide, uridine phosphoric acid, was 
obtained as the barium salt. The hydrolysis curves of the sub¬ 
strates prepared from these samples are given in Fig. 5. The 
pyrimidine nucleotide, uridine phosphoric acid, is more rapidly 
split than the purine nucleotides, its rate being slightly lower than 
that of the Neuberg ester. Of the two purine nucleotides, adenilic 
acid is more rapidly split than inosinic acid, the rate of the first 
being the same and that of the second being lower than that of the 
phosphoric acid ester from a-diacetonefructose. 

For a comparison, the hydrolysis curve of yeast nucleic acid is 
plotted in Fig. 5 with those of the nucleotides. The comparison 
is only qualitative since the enzyme concentration in the hy¬ 
drolysis of the nucleic acid was 4.5 times that used in the case of 

Levene, P. A., and Raymond, A. L., J . Biol. Chem.y 80,633 (1928). 

Prepared by phosphorylation of monoacetoneglucose and subsequent 
hydrolysis. 
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nucleotides. The contrast between the rates of hydrolysis of the 
nucleotides and the nucleic acids is indicated more strikingly in 
Table I, where the comparative rates are given for a standard 
amount of enzyme. 

F. Hydrolysis of Nucleic Acids .—Yeast nucleic acid, as the free 
acid, and thymus nucleic acid, as the semi-crude sodium salt and as 
purified free acid, were used as substrates. Various curves of the 
hydrolysis of these materials are given in Figs. 6 to 10. 

In Fig. 6 is shown a comparison of the rates and the extents of 
hydrolysis of yeast and thymus nucleic acids. The former hydro¬ 
lyzes faster and reaches a greater per cent hydrolysis than does 



Fig. 6. Hydrolysis of nucleotides. Curve 1, uridine phosphoric acid 
(3.9 mg. P per cc.); Curve 2, adenilic acid (4.1 mg. P per cc.); Curve 3, 
inosinic acid; Curve 4, yeast nucleic acid; Curve 5, glycerol phosphate 
standard. 

the latter, showing the thymus nucleic acid to be somewhat more 
stable than yeast nucleic acid, though the difference between the 
two does not appear to be as great as would be supposed from previ¬ 
ous indications.^' ® 

The effect of the buffers on the rate of hydrolysis of thymus 
nucleic acid is given in Fig. 7. The acetate buffer inhibits the 
hydrolysis of the glycerol phosphate standard to the extent of about 
20 per cent, whereas the other two buffers show no effect on this 
hydrolysis. It is probable that the acetate buffer also inhibits the 
nucleic acid hydrolysis by the same amount and taking this into 
account by using a higher concentration of enzyme with this 
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hydrolysis curves were obtained with the 
acetate and veronal buffers. However, the borate buffer had a 



PiQ. 6. Pjq 7 

Fig. 6. Hydrolysis of yeast and thymus nucleic acids. Curve 1, yeast 
nuclwc acid (5.0 mg. P per cc.). Maximum value reached = 3.8 mg Pper 
cc.; Curve 2 thymus nucleic acid (4.0 mg. P per cc.). Maximum value 
reached = 2.5 mg. P per cc. 

Fia. 7. Hydrolysis of thymus nucleic acid. Effect of buffers: Curve 1 
with veronal or acetate buffer; Curve 2, with acetate buffer and Mg 
Curve 3, with borate buffer. ' 



Fig. 8. Fig. 9. 

Fig. 8. Hydrolysis of thymus nucleic acid. Effect of substrate concen¬ 
tration: Curve 1, 2 per cent nucleic acid solution (1.3 mg. P per cc.); Curve 
2, 6 per cent nucleic acid solution (4.0 mg. Pper cc.). 

Fig. 9. Hydrolysis of thymus nucleic acid. Effect of purification: 
Curve 1, unpurified and satisfactorily purified samples (4.0 mg. P per cc.); 
Curves 2 and 3, unsatisfactorily purified samplc.s (4.0 mg. P per cc.). 

peculiar effect on the nucleic acid hydrolysis, though it showed no 
effect on the hydrolysis of glycerol phosphate. For this buffer t.he 
hydrolysis curves showed a marked break between 15 to 20 per 







190 


INTESTINAL NUCLEOTIDASE 


cent hydrolysis though the rates were entirely normal up to this 
point. This effect is perhaps due to the combination of some 
partially hydrolyzed portion of the nucleic acid with boric acid. 
The decrease in hydrolysis rate brought about by the addition of 
magnesium ion to the reaction mixture is also indicated in Fig. 7. 

In the hydrolysis of the phospho-sugars and the nucleotides, 
the substrate concentrations were 0.161 molal. In these cases the 
hydrolysis was always complete after a sufficient length of time (12 
to 24 hours). On the other hand the hydrolysis of the nucleic acids 
at this concentration could not be made complete even by adding 
additional portions of enzyme and allowing the hydrolysis to con¬ 
tinue for a number of days. It was found advantageous to use a 
more dilute solution of these substrates since both the rate and the 
extent of hydrolysis could be materially increased as shown in 



Fia. 10. Hydrolysis of thymus nucleic acid. Effect of enzyme sample: 
Curve 1, average sample—phosphatase activity = 1.7 (1.3 mg. P per cc.); 
Curve 2, abnormal sample—phosphatase activity = 2.0 (1.3 mg. P per cc.). 

Fig. 8, though complete hydrolysis was not accomplished even in 
these dilute solutions. 

The preliminary hydrolyses of thymus nucleic acid were carried 
out on a semi-crude sample. Later it was desired to use better 
material but in several cases the purification of the thymus nucleic 
acid yielded samples which had much lower rates of hydrolysis than 
the unpurified sample. While the chemical analysis of these slowly 
hydrolyzed samples indicated that they were not as pure as 
desired, the differences from the correct analysis values were not as 
great as might be expected from the deviations noted in the rates 
of hydrolysis. These samples possibly conta ned some diphos- 
phoric esters of psTimidine nucleosides. Careful purification 
yielded samples which analyzed perfectly and hydrolyzed with the 
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same rate as the unpurified sample. A comparison of these various 
samples can be made from Fig. 9. 

The anomolous activity of the enzyme sample mentioned in the 
introduction is indicated in Fig. 10. Curve 1 represents the hydrol¬ 
ysis of thymus nucleic acid with a normal sample of the enzyme 
which, as indicated in the previous discussion, shows a high rate 


TABLE III 

Comparative Rates of Hydrolysis 


1 

Subatrato. 

Initial rate of hydrolyein. 

j With normal sample. | 

j With abnormal sample. 

Mg. P per 
cc. per hr. 

Relative 

rate. 

Mg. P per 
cc. per hr. 

Relative 

rate. 

Glycerol phosphate. 

1.65 

1.00 

2.03 

1.23 

Adenilic acid. 

0.95 

0.58 

1.06 

0.64 

Thymus nucleic acid. 

0.25 

0 16 

0.022 

0.013 


of hydrolysis with both glycerol phosphate and adcnilic acid. 
Curve 2 represents the hydrolysis with the abnormal sample which 
also hydrolyzes glycerol phosphate and adenilic acid with the 
same high rate as the normal sample. A more striking comparison 
is obtained from Table III which gives the initial rates of hydrol¬ 
ysis of the three types of substrates with the two different enzyme 
samples. 







[Reprinted from The Journal op Biological Chemistry, October, 1930, 
Vol. 88, No. 3, pp. 771-790] 


STUDIES IN POLYMERIZATION AND CONDENSATION 


VI. S,6-DlHyDROXYHEXANONE-2 


By P. a. LEVENE and A. WALTI 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, July 15, 1930) 

In a previous communication^ a report was made on the spon¬ 
taneous condensation of dihydroxyacetone into dihydroxyacetonyl- 
dihydroxyacetone and di- (dihydroxyacetonyl) dihydroxyacetone. 
It seemed desirable to extend the observations to simple dihydroxy- 
ketones in which the positions of the two hydroxyls were on 
carbon atoms 5 and 6 for the reason that such an arrangement 
would permit <2, 5> and <2, 6> lactal formation and hence 
present conditions similar to those existing in common sugars. 
The investigation seemed all the more desirable for the reason that 
Hibbert and Timm^ had already studied one condensation product 
of 5,6-dihydroxyhexanone-2 and had attributed to it a structure 
analogous to that which Hibbert had postulated for cellulose. 


CH2OH 

I 

CH-CH-O 


ICHOH—CHOH—CH 

I 

CHaOH ^-O- 

CH-CH-0-CH 


CH 2 OH 


CHOH—CHOH—CH—CH 

A 


CHOH—CHOH—CH—O—CH—CH—CHOH—CHOH—CH 


CH 2 OH 

II 


- 0 - 


1 Levene, P. A., and Walti, A., J, Biol, Chem.y 78,23 (1928). 

* Hibbert, H., and Timm, J. A., J, Am, Chem, Soc,, 46, 2433 (1923). 
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However, before entering into the study of the polymerization 
or condensation of 5,6-dihydroxyhexanone-2, it was desirable to 
obtain more information on the structure of the substance itself, 
particularly with respect to its cyclic nature. In the homo¬ 
geneous state the substance probably consists of the two forms in 
equilibrium. In some of its derivatives, however, the cyclic form 
apparently predominates. Thus, on treatment with methyl 
alcohol containing 0.5 per cent of hydrogen chloride, a methylcyclo 
derivative is obtained, having one of the following structures. 


CH, 

OCH, 

CH. 

I^OCH, 

1 

CH, 

1 

CH, 

1 0 1 

CII 2 

CH 2 0 

ill - 

1 

I 

CHOH 

1 

1 

CH 20 II 

1 

CH-1 


Ill IV 

The molecular refraction of the substance is 36.97 and the calcu¬ 
lated value is 37.13. In harmony with the view of the cyclic 
structure were also the results of further methylation and of acety¬ 
lation inasmuch as the methylcyclo derivative gave a monoacetyl 
and a monomethyl derivative. 

Condensation of 5,6-Dihydroxyhexanone-2 

Freshly distilled ketone is a mobile colorless liquid. Often, on 
standing at 25° and sometimes even on standing at 0°, as much as 
50 per cent of the original ketone undergoes condensation into a 
substance distilling at 175-180° at 0.2 to 0.3 mm. pressure and 
having the composition of a desoxydisaccharide, dihydroxyhexan- 
onyldihydroxyhexanone. As such, the substance gave a diacetyl 
derivative. However, after treatment at room temperature with 
dry methyl alcohol containing 0.5 per cent of hydrogen chloride 
the disaccharide was apparently hydrolyzed with the formation of 
methylcyclodihydroxyhexanone-2. The great instability of the 
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desoxydisaccharide is not surprizing in view of the fact that 5,6-di- 
hydroxyhexanone-2 is a desoxy sugar similar to glucodesose and in 
view of our present knowledge of the great instability of the gluco- 
sides of this group of substances. Because of the great instability 
of this disaccharide, it is difficult to choose between the two struc¬ 
tures V and VI which it may possess; however, structure V is 
the more probable one. 


- 0 - 


- 0 - 


_ CH3CH3_ 

1/ \i 

CH2-~CHOH-CIl2-CIl2-~C- 0 -C-CH2-CH2-CHOH-CH2 


CH 2 -CHOH-CH 2 -CH 2 -C-CH 8 


- 0 - 


!\ 


VI 


CH3 


CH2-CH~CH2~CH2-C-0H 


- 0 - 


Polymerization Product Obtained from 5y6-Dih\jdroxyhexanone-2 
with Sulfuric Acid as Catalyst {Hibbert and Timm) 

In the light of the above result on the spontaneous formation of 
the disaccharide, it became necessary to reinvestigate the structure 
of the substance prepared by Hibbert and Timm^ which according 
to these authors should have one of the following structures in 
analogy with the structure postulated by Hibbert for cellulose. 

CH3 CHa CH2- 0 


r—C —-1 I —C-0-CH~CH2-CH2-C— 0 -CH-CH 2 
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( 

) CH 2 CH, 

1 1 1 

CH, 
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1 
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1 


HC-O-C—CH,-CHs-CH-0-C—0 

II II 

1 

— CH 2 


1 1 

-CHa 0 - 

- CHa CH, 


VII VIII 

As it is seen from figures VII and VIII, substances of this structure 
have no free hydroxyls and therefore do not permit the formation 
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of acetyl derivatives. In reality, however, the substance pre¬ 
pared by us according to Hibbert and Timm formed an acetyl 
derivative containing one acetyl group for each dihydroxyketone 
radical and yet the substance had the composition of an anhydro- 
dihydroxyhexanone, in agreement with the analytical data of 
Hibbert and Timm. In order, therefore, to explain the structure 
of the substance of Hibbert and Timm, it was necessary to obtain 
more information on the structure of anhydro-5,6-dihydroxy- 
hexanone-2. 


Anhydride of 5y6-Dihydroxyhexanone-2 

Theoretically the anhydride may be formed either through a 
second ring formation similar to that observed in the case of glu- 
cosans (structure VII) or through desaturation (structures IX or 
X). 


CH 3 

1 
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1 

1 
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CHj 
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1 
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1 

CHOH 

1 

CH 2 OH 

1 

CH,— 


IX X 

Indeed, the existence of the two forms (VII and IX or VII 
and X) could be easily demonstrated. On heating 5,6-dihydroxy- 
hexanone-2 to 150^ for 9 hours there occurred a loss of water. 
The lower boiling fraction of this product consists apparently of 
the anhydride of structure VII on the basis of the values of the 
molecular refraction and of the parachor. On the other hand, if 
the condensation product is acetylated prior to distillation and 
the acetylation product is distilled, then a substance is obtained 
with the composition of a monoacetyl derivative of the anhy- 
drodihydroxyhexanone. Its structure is seen from the fact that it 
contains an acetyl group and furthermore from the fact that in the 
presence of Adams’ catalyst, this substance absorbs hydrogen in 
an amount corresponding to one double bond. Also the deter- 
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mined values of the molecular refraction and of the parachor are 
in agreement with the calculated ones for the acetyl derivative of 
substances IX or X. 

Polymerization of the Anhydro-5 j6-Dihydroxyhexanone-2 

At times, a hard, sUghtly brownish resin was obtained on heat¬ 
ing the 5,6-dihydroxyhexanone-2 at 150° for 10^ hours with inter¬ 
ruptions after each 3^ hour period. This material on heating under 
reduced pressure and at a temperature not exceeding 230° lost only 
water and the residue had the composition of anhydrodihydroxy- 
hexanone. On acetylation, this pol 3 anerized product formed an 
acetyl derivative which had the composition of a monoacetyl 
derivative of an anhydrodihydroxyhexanone, thus showing that 
the hydroxyl of the anhydride is not involved in the polymeriza¬ 
tion. On the other hand, on standing at room temperature in 
methyl alcohol containing 0.5 per cent of hydrogen chloride, the 
substance remained unchanged; on refluxing with the same solu¬ 
tion, the substance was methylated only to the extent of one 
methyl group to about five of the ketone. It is not excluded that 
under these conditions a slight depolymerization took place. 
Also, the absorption of hydrogen in the presence of Adams’ plat¬ 
inum dioxide catalyst was very small, approximately 1 molecule of 
the gas being absorbed for every 7 molecules of the anhydride. 
All these properties seem to indicate that the double bond is 
involved in the polymerization. Thus, it seems to us that the 
5,6-dihydroxyhexanone-2 cannot serve as a model of a true sugar 
and its pol 3 rmerization product cannot serve as a model of a poly¬ 
saccharide. Rather is 5,6-dihydroxyhexanone-2 a model of a 
desoxy sugar and the resin formation which so readily takes place 
a model of the events in the 2-desoxy sugars. Indeed, the tend¬ 
ency of the latter to polymerize with tar formation is one of their 
principal characteristics. It is possible that the mechanism of poly¬ 
merization of desoxyglucoses is analogous to the mechanism of poly¬ 
merization of 5f6-dihydroxyhexanone-2 which takes place in two 
steps; namely, anhydride formation giving rise to a double bond which 
then causes the new substance to polymerize. The same is undoubtedly 
the process of formation of the substance of Hibbert and Timm, 
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Reduction of 5,6-Dihydroxyhexanone-2 

In conclusion, an interesting reaction of the 5,6-dihydroxy- 
hexanone-2 may be mentioned which in a way, may go to show the 
readiness with which the substance undergoes desaturation. 
When the dihydroxyketone in acetic acid solution is acted upon by 
hydrogen gas in the presence of Adams’ platinum dioxide catalyst, 
the molecule loses 1 hydroxyl and the resulting substance forms 
on acetylation only a monoacetyl derivative. The most probable 
structure of the new substance is that of a tetrahydrofuran or of a 
tetrahydropyran derivative (XI or XII). 
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The formation of this substance from the original cycloketonc may 
take place in three different ways, (a) It may be preceded by the 
formation of the anhydride IX or X. (b) It may be preceded by 
the formation of the anhydride VII, which undergoes reductive 
opening of one ring, 1 hydrogen atom being added to carbon atom 
2, and the other to the oxygen atom involved in the ring formation. 
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(c) The hydroxyl in position (2) of the cyclic ketone may undergo 
direct reduction. The last possibility does not seem to us probable 




P. A. LEVENE AND A. WALTI 


199 


in view of the fact that experiments in our laboratory have shown 
that tertiary aliphatic carbinols do not undergo reduction on treat¬ 
ment with hydrogen in the presence of Adams’ catalyst. Of the 
other two reactions, the first one seems to us the more probable. 

EXPERIMENTAL. 

5 , 6~Dihydroxyhexanone~2 

5,6-Dihydroxyhexanone-2 was prepared from a-acctyl-S-chloro- 
7 -valcrolactone by the procedure of Traubc and Lehmann^ modi¬ 
fied slightly, as follows: To the cooled solution of 47 gm. of 
sodium in 800 cc. of absolute alcohol 260 gm. of freshly distilled 
ethylacetoacetate were slowly added. To this cooled solution 
(temperature 25-30®) in turn were added 190 gm. of redistilled 
epichlorohydrin dissolved in 250 cc. of absolute alcohol in such a 
manner that the temperature did not rise above 35°. If the tem¬ 
perature was kept at zero degrees, a poor yield of acetylchloro- 
lactone was obtained. The reaction mixture was continuously 
stirred. After allowing the mixture to stand overnight, it was 
concentrated under reduced pressure and the residue was treated 
with 2000 cc. of 5 per cent sulfuric acid in a separatory funnel. An 
oil separated which was dissolved in ether and dried over sodium 
sulfate. After removal of the solvent the lactone distilled at 110- 
112® at 0.2 mm. Yield 230 gm. (65 per cent). 

Redistilled a-acctyl-5-chloro-7-valerolactone (214 gm.) was re¬ 
fluxed with a solution of 85 gm. (0.5 mol) of potassium carbonate 
in 1615 cc. of water for 4 hours. The oil gradually dissolved with 
evolution of carbon dioxide. The solution was concentrated at a 
low temperature under diminished pressure. The residue was 
dissolved in absolute alcohol, the solution filtered with suction 
from the potassium chloride, and then concentrated under reduced 
pressure. In order to remove as much as possible of the inorganic 
material, the residue was repeatedly dissolved in absolute alcohol 
and to the solution a little dry ether was added. The solution 
then was distilled under reduced pressure from a short 45 cc. 
Claisen distilling flask; the 5,6-dihydroxyhexanone-2 distilled at 
120® at 0.3 mm. The total yield was 112 gm. or 70 per cent calcu- 

» Traube, W., and Lehmann, E., Ber, chem. Ges.j 34,1971 (1901). 
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lated on the basis of the chlorolactone used. The redistilled sub¬ 
stance analyzed as follows: 

9.285 mg. substance: 18.646 mg. CO» and 7.605 mg. HjO. 

C.HnO, (132.13). Calculated. C 54.61, H 9.16. 

Found. “ 64.76, “ 9.04. 

Molecular Weight Determination by Vryoscopy. —14.196 gm. 
of water; 0.3676 gm. of substance; 0.371° difference in freezing 
temperatures. 

Mol. wt. •• 18.6 X =, 129 . Mol. wt. calculated, 132.13. 

14.196 X 0.371 

Molecular Refraction Determination .— 

nj 5 = 1.4673; du = 1.118; [M]d = 32.81. 

[M]d calculated for straight chain, 32.067. 

[M]d “ cyclic form, 32.40. 

Average, 32.68. 

DiacetylrS , 6-Dihydroxyhexanone-2 {CHzCOCII 2 CH 2 CH {OCOCIhy 

ClhOCOCHz) 

6 gm. of dihydroxyhexanone (b.p. 132'^ at 2 mm.) were dissolved 
in 16 cc. of acetic anhydride to which 16 cc. of dry pyridine had 
been added. The mixture was allowed to stand overnight. After 
removal of the solvents the diacetate derivative distilled at 112- 
114° at 0.6 mm. (8.7 gm.). It was insoluble in water. It analyzed 
as follows: 

' 7.026 mg. substance: 14.410 rag. CO 2 and 4.850 mg. H 2 O. 

CioHieO# (216.18). Calculated. C 55.53, H 7.46. 

Found. “ 55.93, “ 7.72. 

Acetyl Number,—To 0.1373 gm. of substance were added 35.0 
cc. of 0.1 N NaOH. After allowing the mixture to stand overnight 
22.3 cc. of 0.1 N HCl were required for neutralization. Calcu¬ 
lated, 519; found, 519. 

Molecular Refraction, —The value points to an open chain 
formula. 

n26 = 1.4398; dn « 1.0952; [M]d « 62.00. 

[M]d calculated for open chain, 61.696. 

[MId ‘‘ “ cyclo form, 61.128. 
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Semicarhazone of Diacetyldihydroxyhexanone .—Two structures 
are theoretically possible for the diacetate, one a cyclic and the 
other a keto form. The existence of the latter at least in predom¬ 
inating quantity is seen from the formation of the semicarhazone 
in a good yield. The semicarhazone was prepared in the follow¬ 
ing way. 0.8 gm. of potassium acetate and 0.8 gm. of semicarba- 
zide hydrochloride were dissolved in 2.3 cc. of water. To the 
solution was added 1 gm. of the diacetate and about 1 cc. of methyl 
alcohol. The reaction took place with evolution of heat. On 
standing for IJ days approximately 1.3 gm. of the crystalUne 
semicarhazone were obtained. On repeated recrystallization from 
methyl alcohol the substance melted at 112° (with decomposition). 
It analyzed as follows: 

0.5066 mg. substance: 8.975 mg. COi and 3.210 mg. H 2 O. 

0.4630 “ “ : 0.635 cc. N (38°, 762 mm.). 

CiiHi.OfiNs (273.24). Calculated. C 48.33, H 7.01, N 16.38. 

Found. “ 48.32, 7.09, 15.62. 

Meihylcyclo-5y6-‘Dihydroxyhexanone~2 {III or IV) 

This substance is readily obtained by dissolving the dihydroxy- 
hexanone in 10 times its weight of dry methyl alcohol containing 
0.5 per cent of hydrogen cliloride. After 4 hours, the hydrogen 
chloride was removed with dry silver carbonate. The filtrate was 
concentrated and the residue distilled at 66-69° at 1.5 mm. In 
this manner from 10 gm. of dihydroxyhexanone 10 gm. (or 90 per 
cent) of the me thy Icy do derivative were obtained. The analysis 
was as follows: 

6.625 mg. substance: 11.650 mg. CO 2 and 4.616 mg. H 2 O. 

0.1752 gm. ‘‘ : 0.2742 gm. Agl (Zeisel). 

C 7 H 14 O, (146.16). Calculated. C 67.60, H 9.66, OCH, 21.21. 

Found. “ 57.50, ‘‘ 9.34, “ 20.66. 

The value of molecular refraction was as follows: 

nti =“ 1.4496; da « 1.0614; [M]d calculated 37.13; found 36.97. 

Acetyl Methylcyclo-6,6-Dihydroxyhexanone-2, —3 gm. of the 
methylcyclodihydroxyhexanone were dissolved in a mixture of 9 
cc. of acetic anhydride and 9 cc. of dry pyridine. On distillation a 
fraction was obtained which distilled at 53-54° at 0.1 to 0.2 mm. 
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Yield 3.3 gm. This material was redistilled and a fraction was 
collected which boiled at 102-104° at 16 mm. It analyzed as 
follows: 

4.986 mg. substance: 10.580 mg. CO 2 and 3.835 mg. H 2 O. 

C 8 H 16 O 4 (188.17). Calculated. C 57.42, H 8.57. 

Found. 57.87, 8.60. 

Acetyl Number, —0.1666 gm. of substance and 40.0 cc. of 0.1 n 
NaOH were allowed to stand overnight. 30.4 cc. of 0.1 n HCl were 
required for neutralization. Calculated, 298; found, 323. 

Dimethylcyclodihydroxyhexanone 

18 gm. of methylcyclo-5,6-dihydroxyhexanone-2 were methyl¬ 
ated by means of silver oxide and methyl iodide. A total quan¬ 
tity of 50 gm. of silver oxide and 150 gm. of methyl iodide were 
used and added in four portions. Heating of this reaction mixture 
was continued for 5 hours. The mixture was then cooled and 
extracted with dry ether and the ethereal solution dried with 
anhydrous sodium sulfate. The solvent was removed and three 
fractions were obtained on distillation. 

Fraction I, boiling at 74° at 17 mm., weight 9.4 gm. 

II, 75-82° at 17 mm. 

** III, viscous residue; weight 1.2 gm. 

Fraction I, —It had the composition of dimethylcyclodihydroxy¬ 
hexanone. 

6.250 mg. substance: 11.525 mg. CO 2 and 4.895 mg. H 2 O. 

0.1076 gm. “ : 0.3118 gm. Agl (Zeistl). 

CsHifiO* (160.17). Calculated. C 59.96, H 10.07, OCH 3 38.75. 

Found. 69.85, “ 10.43, 38.25. 

The value of the molecular refraction corresponded to the cyclo 
form. 

n 26 = 1.4302; d 26 = 0.9922, [M]© calculated for the cyclo [form 41.87- 

found 41.72. ^ 

Fraction III. Condensation Product.— fraction represented 
1.2 gm. of a viscous residue. It had the composition of an anhydro- 
dihydroxyhexanone. 

3.450 mg. substance: 8.005 mg. CO 2 and 2.750 mg. H 2 O. 

CcHio 02 (114.11). Calculated. C 63.12, H 8.83. 

Found. “ 63.27, 8.91. 
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The substance was acetylated by means of acetic anhydride and 
pyridine. After removal of the acetylation mixture, attempts at 
fractional distillation under the pressure of about 1 mm. were 
unsuccessful although the bath was heated to 190®. The sub¬ 
stance had the composition of a monoacetylanhydrodihydroxy- 
hexanone. 

5.005 mg. substance: 11.245 mg. CO 2 and 3.625 mg. H 2 O. 

CgHiaOs (156.14). Calculated. C 61.51, H 7.75. 

Found. 61.26, ** 8.10. 

Acetyl Number, —0.1960 gm. of substance was refluxed for Ij 
hours with 40.0 cc. of 0.1 n NaOH. 29.0 cc. of 0.1 n IICl were 
required for neutralization. Calculated, 359; found, 308. 

In another methylation experiment 5 gm. of methylcyclodi- 
hydroxyketone with 45 gm. of silver oxide and an excess of methyl 
iodide were refluxed for about 20 hours. 

A small amount of a substance was obtained which boiled at 
60° at about 17 mm. According to its analysis, it represents 
monomethoxydihydroxyhexanone anhydride. 

5.030 mg. substance: 11.945 mg. CO 2 and 4.250 mg. H 2 O. 

0.1806 gm. “ : 0.3312 gm. Agl (Zelsel). 

CjUnOi (128.13). Calculated. C 65.58, H 9.44, OCH, 24.19. 

Found. 64.75, “ 9.45, 24.20. 

Condensation of 5f6-Di}iydroxyhexanone-2 

This reaction takes place even at a low temperature. It is 
probable that a trace of a substance present in the 5,6-dihydroxy- 
hexanone catalyzes this reaction since the yield of the disaccharide 
on short standing sometimes was higher than when the substance 
was allowed to stand for a longer period. 

Thus, 36 gm. of redistilled 5,6-dihydroxyhexanone-2 were 
kept at 25® for 12 days and then subjected to distillation. The 
first fraction consisted of a small quantity of water after which only 
24 gm. of substance distilled at the boiling temperature of the 
dihydroxy ketone. It had been also observed that during the 
distillation further condensation, to a small extent, had taken 
place. The residue was distilled at about 1 mm. pressure. A 
fraction was obtained which distilled at 175-180° at 0.3 to 0.4 mm. 
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The substance had the composition of a dihydroxyhexanonyl 
dihydroxyhexanone. 

6.366 mg. substance: 13.620 mg. CO- and 6.160 mg. H2O. 

CiaHaaOs (246.26). Calculated. C 68.60, H 9.01. 

Found. 68.44, 9.06. 

Acetylation of Distillation Residue, —In another experiment 31 
gm. of 5,6-dihydroxyhexanone-2 were kept at room temperature. 
This time only one-half of the amount of dihydroxyhexanone was 
recovered by distillation. 5 gm. of the residue were dissolved in a 
mixture of 15 cc. of acetic anhydride and 15 cc. of dry pyridine. 
The following day the reaction product was fractionated. The 
fraction boiling from 170-180° at 0.2 to 0.3 mm. had the composi¬ 
tion of a diacetyl di-(dihydroxyhexanone) anhydride. 

3.700 mg. substance: 7.946 mg. CO2 and 2.696 mg. H2O. 

Ci«H 2«07 (330.29). Calculated. C 68.16, II 7.94. 

Found. ** 68.55, “ 7.84. 

Acetyl Number. —0.1318 gm. of substance was refluxed for 2 hours 
with 40.0 cc. of 0.1 n NaOH. 31.7 cc. of 0.1 n HCl were required 
for neutralization. Calculated, 340; found, 353. 

In another experiment freshly distilled dihydroxyketone was 
allowed to stand at about 0° for 14 days. On being distilled, only 
84 per cent of the original substance was recovered. In order to 
prevent condensation on standing it is therefore advisable to pre¬ 
serve the dihydroxyketone in a solvent, 

Methylcyclodihydroxyhexanone from Di-iDihydroxyhexanone) 
Anhydride 

1.7 gm. of the disaccharide were dissolved in 12.5 cc. of methyl 
alcohol containing 0.5 per cent of hydrogen chloride. After 
allowing the mixture to stand at room temperature it was neutral¬ 
ized with silver carbonate. The filtered solution was concentrated 
at a low temperature. At the temperature of 101-103° (15 mm.) 
a fraction of 1.2 gm. was obtained which had the composition of 
methylcyclodihydroxyhexanone. 

3.290 mg. substance: 6.990 mg. CO2 and 2.980 mg. H2O. 

0.0964 gm. : 0.1664 gm. Agl (Zeisel). 

C 7 H 14 O 1 (146.16). Calculated. C 57.50, H 9.66, 0CH| 21.21. 

Found. “ 67.93, “ 10.12, “ 21.26. 
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Polymerization Product Obtained from 5,6-Dihydroxyhemnone-2 
with Concentrated Sulfuric Acid. {According to Hibbert 
and TimrrP) 

To 9 gm. of 5,6-dihydroxyhexanone-2 was added 0.009 gm. of 
concentrated sulfuric acid. The mixture was stirred and heated at 
155° for 4 minutes. The dark, resinous material was then kept at 
100° under slightly reduced pressure. The substance had the 
composition of an anhydride of 5,6-dihydroxyhexanone-2. 

4.760 mg. substance: 11.075 mg. CO 2 and 3.840 mg. H 2 O. 

(CaHioOa). (114.11). Calculated. C 63.12, H 8.83. 

Found. 63.45, 9.02. 

Acetylation of Polymeric Anhydride of Dihydroxyhexanone .— 
2.1 gm. of the above polymeric anhydride of the dihydroxyhexanone 
were dissolved in 4.5 cc. of dry pyridine. To this solution 4 cc. of 
acetic anhydride were added, some heat being evolved. After 36 
hours standing the mixture was taken up in chloroform, water 
was added, and the chloroform solution was washed with dilute 
solutions of sulfuric acid and sodium carbonate. After drying of 
the washed chloroform solution with sodium sulfate, the solvent 
was evaporated. 

An attempt was made to distil the residue under reduced pres¬ 
sure but no distillate was obtained. The new compound had the 
composition of a monoacetate of a polymer dihydroxyhexanone 
anhydride. 

3.600 mg. substance: 8.125 mg. CO 2 and 2.410 mg. H 2 O. 

(CsHiaOa), (156.14). Calculated. C 61.51, H 7.75. 

Found. “ 61.54, “ 7.49. 

Acetxjl Number. —0.2031 gm. of substance required 13.7 cc. of 
0.1 N NaOH for neutralization. Calculated, 359; found, 378. 

Anhydride of 6,6~Dihxjdroxyhexanone-2 

40 gm. of 5,6-dihydroxyhexanone-2 were heated in a double neck 
distilling flask at a temperature of 150° for 9 hours. The heating 
was carried out for 2 to 3 hours at a time, the material being kept 
in the ice box in between times, about 20 hours. The reaction 
mixture was then distilled under a pressure of less than 1 mm. 
The receiving flask was water-cooled, but the vapor leading to the 



206 


POLYMERIZATION AND CONDENSATION. VI 


vacuum pump was passed through a U-tube which was cooled to a 
very low temperature with solid CO 2 and alcohol. On gradually 
raising the bath temperature, a crystalline material was soon 
observed in the cold U-tubc. It consisted of a mixture of water 
and anhydride. The temperature of the bath was finally raised to 
about 160° when most of the material had distilled over. In the 
first, the water-cooled receiver, a mixture of substances was ob¬ 
tained. The crystalline material in the carbon dioxide-cooled 
flask was immediately dissolved in dry ether and separated from a 
small aqueous layer which was formed occasionally. The ether 
solution was dried with sodium sulfate and kept overnight at 0°. 
After removal of the ether from the filtered solution the remaining 
mobile liquid was fractionated. In some instances the non- 
fractionated material was used. The substance had the composi¬ 
tion of an anhydride of .5,6-dihydroxyhexanone-2. On fractiona¬ 
tion a portion was obtained which boiled at 40° at 20 mm. or at 
55° at 42 mm. This substance had the following composition. 


3.860 mg. substance: 8.980 mg. COj and 2.990 mg. IbO. 

C.HioOj (114.11). Calculated. C 63.12, H 8.83. 

Found. “ 63.44, “ 8.55. 

Molecular Weight Determination by Cryoscopy .—This determina¬ 
tion was carried out on a non-fractionated material. 8.093 gm. of 
benzene; 0.1025 gm. of substance; 0.532° difference of freezing 
temperatures. Mol. wt. of the monomolecular form (CellioOj) 
calculated, 114.1; found, 121.7. 

Molecular Refraction .—The molecular refraction as well as the 
parachor were determined on a pure freshly distilled sample of 5,6- 
dihydroxycyclohexanone anhydride. The values obtained from 
determination of the molecular refraction agree with that calcu¬ 
lated for a molecule containing two oxygen bridges. 

n -26 = 1.4350; dn = 1.0423; [M]d = 28.57. 

[Mil, calculated (formula VII) 28.79, (formula IX or X) 30.41. 

Determination of Parachor.—The values found for the distilled 
anhydride are also in better agreement with a molecule containing 
two oxygen bridges (formula VII) than with a molecule containing 
a double bond and one oxygen bridge (formulas IX or X). 
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The parachor was determined^ according to Sugden.® The 
calculations were made using his simplified formula: 

Parachor = ^ 7 ^ 

where M is molecular weight, D density, and y surface tension. 
The constant of the surface tension apparatus was established by 
determining the surface tension of known substances. The con¬ 
stant of the apparatus was 0.003804. The parachor of ether, 
chloroform, and carbon tetrachloride were 209.5, 183.2, and 220 
respectively. Calculated 210.2, 184.8, and 222.0 respectively. 

Difference of pressure observed on water gauge = 8245 dynes per cm.* 
7*26 == 31.58. Parachor found = 259.2. 

Calculated, formula VII 254.4; formula IX 271.5; formula X 269.1. 

Occasionally, the ethereal extract of the distillate in the carbon 
dioxide-alcohol-cooled tube turned viscous so rapidly on evapora¬ 
tion of the ether that no appreciable amount of the monomolecular 
anhydride could be obtained. 

Acetate of Anhydride of 5j6-Dihydroxyhexanone-2 

3 gm. of non-fractionated anhydride of 5,6-dihydroxyhexanone-2 
were dissolved in a mixture of 7 cc. of pyridine and 6 cc. of acetic 
anhydride. After standing for 20 hours the mixture was concen¬ 
trated under reduced pressure. The residue was taken up in 
chloroform and washed with dilute solutions of sulfuric acid, 
sodium carbonate, and finally with water. The dried chloroform 
solution was concentrated and 2 gm. of a substance boiling at 58° 
at 2 mm. pressure were obtained. The substance had the compo¬ 
sition of a monoacetate of an anhydride of dihydroxyhexanone. 

5.330 mg. substance: 12.000 mg. CO 2 and 3.900 mg. H 2 O. 

C 8 H 12 O, (156.14). Calculated. C 61.51, II 7.75. 

Found. “ 61.39, ** 8.19. 

Acetyl Number. —0.0925 gm. of substance required 5.8 cc. of 
0.1 N NaOII for neutralization. Calculated, 359; found, 352. 

♦ All the parachor determinations reported in this paper were carried 
out by Dr. Alexandre Rothen. 

» Sugden, 8., J. Chem. Soc., 126,1177 (1924). 
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The values of the molecular refraction and of the parachor of the 
substance were in agreement with those calculated for the acetate 
of anhydrodihydroxyhexanone (acetate of substance IX or X). 

Molecular Refraction. 

- 1.4490; d^l « 1.0575; calculated [MJd 39.77; found [M]d 39.55. 

Parachor .—Difference of pressure observed on water gauge «» 8490 dynes 
per cm*. 

7 j 6 (surface tension) « 32.50; d? = 1.0575. 

Parachor found *■ 352.6; parachor calculated = 352.9 (6-membered ring). 

« = 365.3 (5* “ ). 

Hydrogenation of Acetate of Anhydride of 5 y6-Dihydroxyhexanone~2 

0.05 gm. of platinum dioxide (Adams’ catalyst) and 4 cc. of 80 
per cent alcohol were placed in a small hydrogenation vessel. 
After reduction of the catalyst, 1 gm. of the above acetyl derivative 
dissolved in 7 cc. of alcohol was added. A rapid absorption of 135 
cc. of hydrogen took place. Further shaking did not increase the 
absorption of hydrogen. The filtrate from the catalyst was freed 
from its solvent by distillation, the residue was transferred into a 
1.5 cc. double neck distilling flask. 0.5 cc. of a substance distilled 
at 95° (12 mm,). It had the composition of a dihydro derivative 
of the acetylated anhydride. 

4.065 mg. substance: 9.050 mg. CO 2 and 3.300 mg. H 2 O. 

CsHhO, (158.15). Calculated. C 60.73, H 8.92. 

Found. ‘‘ 60.71, “ 9.08, 

Acetyl Number. —0.1009 gm. of substance required 6.3 cc. of 0.1 
N NaOH for neutralization. Calculated, 355; found, 350. 

Products Obtained in the Water-Cooled Receiver 

In the water-cooled receiving flask (see anhydride of 5,6-dihy- 
droxyhexanone-2) two substances were identified after acetylation, 
namely dihydroxyhexanone anhydride of type IX or X and 
5,6-dihydroxyhexanone-2. The material separated at times into 
two layers. The top layer was decanted and acetylated with pyri¬ 
dine and acetic anhydride. It yielded an anhydrodihydroxyhexa¬ 
none acetate boiling at 50-53° at 1 mm. 

6.246 mg. substance: 11.740 mg. CO 2 and 3.615 mg. H 2 O. 

CgHnOs (156.14). Calculated. C 61.51, H 7.75. 

Found. “ 61.03, 7.71. 
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Acetyl Number, —0.0910 gm. of substance required 6.2 cc. of 0.1 N 
NaOH for neutralization. Calculated, 359; found, 382. 

There was a certain amount of a higher boiling fraction which 
distilled over a wide temperature range. 

The bottom layer was also acetylated with pyridine and acetic 
anhydride. The main fraction distilled at 105° and 0.8 mm. It 
had the composition of dihydroxyhexanonediacetate. 

4.550 mg. substance: 9.420 mg. COj and 3.130 mg. H 2 O. 

CioHnOfi (216.18). Calculated. C 55.53, H 7.46. 

Found. 56.45, 7.69. 

Acetyl Number, —0.1983 gm. of substance required 16.8 cc. of 0.1 n 
NaOH for neutralization. Calculated, 519; found, 475. 

Polymerized A nhydro-5 , 6-Dihydroxyhexanone-2 

20 gm. of 5,6-dihydroxyhexanone-2 were heated in a manner 
similar to that previously described (three times for 3J hours at 
approximately 150°). On distillation of this substance at the bath 
temperature of 230° under reduced pressure only water came over. 
The residue was a hard brown resin and had a composition approxi¬ 
mating that of a polymerized 5,6-dihydroxyhexanone anhydride. 

4.440 mg. substance: 10.445 mg. CO 2 and 3.565 mg. H 2 O. 

(CellioOa), (114.11). Calculated. C 63.12, H 8.83. 

Found. 64.15, “ 8.98. 

Acetate of Polymerized 6y6-Dihydroxyhexanone Anhydride, —5 
gm. of the polymerized anhydride just described were acetylated 
with a mixture of 11 cc. of dry pyridine and 8 cc. of acetic anhy¬ 
dride. The following day the mixture was taken up in 100 cc. of 
chloroform, washed with dilute solutions of sulfuric acid and 
sodium carbonate and finally with water. On evaporation of 
the solvent and distillation of the residue a very small fraction 
was obtained which had the character of the anhydride of the 
5,6-dihydroxyhexanone-2. The main portion could not be dis¬ 
tilled even under greatly reduced pressure. It had the approxi¬ 
mate composition of the acetate of the anhydrodihydroxy- 
hexanone. 

(CgHijOs), (156.14). Calculated. C 61.51, H 7.75, 

Found. ‘‘ 62.05, ‘‘ 7,48. 
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Acetyl Number gm. of substance required 11.1 cc. of 
0.1 N NaOH for neutralization. Calculated, 359; found, 400. 

Hydrogenation of Acetate of Polymerized Dihydroxyhexanone 
Anhydride. —6.05 gm. of Adams’ platinum dioxide catalyst was 
reduced in an alcoholic medium and 1 gm. of the above poly¬ 
merized anhydride acetate was then added. Within 4 hours 20 
cc. of hydrogen were absorbed. Further shaking did not increase 
the absorption although the theory required 141 cc. 

Treatment of Polymerized 6^6-Dihydroxyhexanone Anhydride with 
Methyl Alcohol Containing Hydrogen Chloride 

If the polymerized anhydride was treated with cold methyl 
alcohol containing 0.5 per cent of hydrogen chloride, the material 
remained practically unchanged. If, on the other hand, it was 
refluxed with the same amount of the solvent, a semisolid substance 
was obtained which contained rnethoxyl groups. Thus, 5 gm. of 
polymerized anhydride were refluxed with 50 cc. of methyl alcohol 
containing 0.5 per cent of hydrogen chloride for 4 hours. The 
following morning the hydrogen chloride was removed with silver 
carbonate and the methyl alcohol evaporated under reduced pres¬ 
sure. Nothing distilled at the bath temperature of 170® the pres¬ 
sure being less than 1 mm. The composition of the substance was 
approximately that of a compound consisting of five dihydroxy¬ 
hexanone rests containing one methyl group. 

6.320 mg. substance: 12.090 mg. CO 2 and 4.190 mg. H 2 O. 

14.486 “ : 6.846 “ Agl (Zeisel). 

CaiKwOii. Calculated. C 61.76, H 9.03, OCH» 5.15. 

Found. “ 61.97, 8.81, “ 5.32. 

Distilled Polymeric Anhydride of Dihydroxyhexanone 

If the solid polymeric anhydride was heated in a bath at a tem¬ 
perature of 230-290® and under highly reduced pressure, a small 
amount of a yellow viscous material distilled at 130-180® at 0.5 
mm. It had the composition of a dihydroxyhexanone anhydride. 

3.816 mg. substance: 8.780 mg. CO 2 and 3.055 mg. H 2 O. 

(C«H,o02 ), (114.11). Calculated. C 63.12, H 8.83. 

Found. “ 62.76, '' 8.96. 

Acetylation of Distilled Polymeric Anhydride of Dihydroxyhexa-- 
none. —1.5 gm. of the above substance were acetylated with a mix- 
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ture of 3 cc. of pyridine and 3 cc. of acetic anhydride. After 
standing for 15 hours, the mixture was taken up in chloroform, 
washed with dilute solutions of sulfuric acid and sodium carbonate 
and finally with water. After drying the solvent was removed by 
distillation; the residue distilled approximately at the temperature 
of the boiling point of the acetate of the monomeric dihydroxyhexa- 
none anhydride. It was not analyzed. A second fraction was ob¬ 
tained which boiled at 92-125° at 0.8 mm. It had the following 
composition: C 60.6; H 8.31; acetyl number 267. The remaining 
0.7 gm. of light brown viscous material had practically the compo¬ 
sition of an acetate of dihydroxyhexanone anhydride. 

3.610 mg. substance, 8.090 mg. CO 2 and 2.610 mg. II 2 O. 

(CbHuO,). (156.14). Calculated. C 61.51, H 7.75. 

Found. 61.11, 8.08. 

Acetyl Number. —0.1099 gm. of substance required 6.2 cc. of 0.1 
N NaOH for neutralization. Calculated, 359; found, 319. 

The brown distillation residue obtained from the fraction boiling 
at 130-180° at 0.5 mm. possessed the composition of C 65.55, and 
H 9.06. 


Hydrogenation of 5y6-Dihydroxyhexanone-2 

7 gm. of freshly distilled 5,6-dihydroxyhexanone-2 were dissolved 
in 40 cc. of glacial acetic acid. To this solution was added 0.12 gm. 
of Adams^ platinum dioxide catalyst. After elimination of the air 
in the flask, a pressure of 1.5 atmospheres of hydrogen was applied. 
In 4 hours approximately 1800 cc. of hydrogen were absorbed. 
After filtering off the catalyst most of the acetic acid was evapo¬ 
rated under diminished pressure. The residue was taken up in 
ether and the mixture was washed with a dilute solution of sodium 
carbonate. The dried ether solution then was fractionated and 3 
gm. of a fraction boiling at 70-73° at 14 mm. were obtained. The 
substance did not reduce Fehling^s solution nor did it form a semi- 
carbazone. It had the composition of a monohydroxyhexanone 
and has the structure of a tetrahydrofuran or tetrahydropyran 
derivative (formula XI or XII). The analysis was as follows: 

3.775 mg. substance: 8.600 mg. CO 2 and 3.495 mg. H 2 O. 

C 6 H 12 O 2 (116.13). Calculated. C 62.02, H 10.42. 

Found. ‘‘ 62.12, 10.36. 
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Acetate of Monohydroxy Derivative. —To 2.6 gm. of the above sub¬ 
stance was addded a mixture of 5 cc. of pyridine and 5 cc. of acetic 
anhydride. The mixture was allowed to stand for 5 hours and was 
then concentrated under reduced pressure. The residue was taken 
up in chloroform and the solution was washed with dilute sulfuric 
acid and sodium carbonate. The dri-^d chloroform solution gave 
on fractionation 2 cc. of a substance which boiled at 88° at 13 
mm. The substance possessed the composition of a monoacetyl 
derivative. 

5.350 mg. substance: 11.955 mg. CO 2 and 4.235 mg. H 2 O. 

C 8 H 14 O* (158.15). Calculated. C 60.73, H 8.92. 

Found. “ 60.93, “ 8.85. 

Acetyl Number. —0.1072 gm. of substance required 6.8 cc. of 0.1 
N NaOH for neutralization. Calculated, 355; found, 356. 

Molecular Refraction. The value of the molecular refraction of 
the substance was in agreement with its cyclic structure. 

<i“ = 1.0175; n« = 1.4321; [M]o = 40.32. 

[Mlo calculated 40.24 (cyclic form). 

IMJd “ 40.81 (open chain). 



[Reprinted from The Journal or Biological Chemistry, August, 1930, 
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In recent years polytcrpene chemistry has been greatly ad¬ 
vanced, especially through the work of Ruzicka and his coworkers, 
by the application of the method of exhaustive dehydrogenation 
with sulfur, and more recently by the use of the selenium method 
of Diels. ^ During the past year Ruzicka has extended the study 
to the more complex triterpene derivatives, such as the amyrins^ 
and various sapogenins.® Although frequent reference has been 
made to the probable close relationship of the sapogenins, sterins, 
and other higher terpenes, it is very necessary to continue the study 
in order to determine the real particulars of these relationships. 
In a report of their experiments on the amyrins Ruzicka, Huyser, 
Pfeiffer, and SeideP obtained by dehydrogenation with sulfur^ 
and preferably with selenium a hydrocarbon, Ci3n]4, which was 
isolated as the picrate or styphnate and was found to be a trime- 
thylnaphthalene. This hydrocarbon on oxidation gave a naphthal- 
enetricarbonic acid. Since in a subsequent work Ruzicka and van 
Veen® succeeded in obtaining the same hydrocarbon by dehydro¬ 
genation with selenium of a series of sapogenins and sterins, al¬ 
though with certain exceptions, they have proposed the name 

1 Diels, 0., and Karstens, A., Ber, chem. Ges., 60, 2323 (1927). Diels, 
O., Gadke, W., and Kording, P., Ann. Chem., 469, 1 (1927). 

* Ruzicka, L., Huyser, H, W., Pfeiffer, M., and Seidel, C. F., Ann. 
Chem., 471, 21 (1929). 

»Ruzicka, L., and van Veen, A. G., Z. physiol. Chem., 184, 69 (1929); 
Hec. trav. chim. Pays-Bas, 48,1018 (1929). 

* Brunner, 0., {Monatsh. Chem., 60,287 (1928)) has also recently reported 
experiments on the dehydrogenation of the mixed amyrins with sulfur 
which, however, were very inconclusive. 
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sapotalinfor this trimethyinaphthalene. Although the mechanism 
of the formation of this substance is still unknown, they have been 
able to conclude that there is a close relationship between a 
number of these sapogenins and natural triterpene derivatives. 
This conclusion in so far as /5-amyrin and hederagenin are con¬ 
cerned has been extended by our own work which is presented 
in the present and following communications. 

Before the appearance of the experiments of lluzicka and co¬ 
workers on the dehydrogenation of amyrin, we had already in 
progress a study of the dehydrogenation of this substance. Since 
our point of view and immediate objective differed from those of 
these workers we have therefore continued these studies. In the 
dehydrogenation experiments already mentioned, the purpose 
has been exhaustive treatment in order to achieve complete con¬ 
version into aromatic hydrocarbons which might be easier of 
recognition. It occurred to us that it might be possible to inter¬ 
rupt the dehydrogenation at proper points and so obtain sub¬ 
stances which represent partial dehydrogenation before too deep 
seated changes have occurred. The study of such derivatives 
might then prove useful in giving clues to the structure of the 
parent substances. With this in view, the examination of a series 
of substances has been begun, including the sapogenins, resin alco¬ 
hols, and other polyterpene derivatives as well as the cardiac 
aglucones and other members of the saturated polycyclic group. 
Our preliminary results have demonstrated the possible useful¬ 
ness of this method of approach. We shall present here the 
experience with the amyrins. 

• These experiments have been made with pure a- and |3-amyrin 
which were prepared by the method of Vesterberg and Westerlind® 
from the crude mixture of the isomers obtained from gum elemi 
as well as with their benzoates. When a- and /S-amyrin were 
heated in an atmosphere of nitrogen with an equal weight of sulfur, 
a slow but steady evolution of hydrogen sulfide occurred at 200- 
210°, which continued for several hours with the bath at this tem¬ 
perature, and then gradually ceased. In the case of the benzoates 
it was necessary to go somewhat higher, to 220-230°, in order to 
obtain a parallel result. If in any case the temperature was 

Vesterberg, K. A., and Westerlind, S., Ann, Chem., 428, 243 (1922). 
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raised, as previous observations have already shown, there was of 
course further dehydrogenation with extensive carbonization. 
If, however, the reaction was interrupted at this point, it was 
possible to isolate definite transformation products. This was 
accomplished by extraction of the reaction mixture and fractiona¬ 
tion of the soluble material at low pressure. The resulting resins 
were then crystallized from appropriate solvents. But the sub¬ 
stances obtained in the case of j 5 -amyrin and its benzoate differed 
in character from those obtained from the a compounds. / 3 -amyrin 
or its benzoate yielded sulfur compounds which from the formula¬ 
tions deduced from the analytical results, respectively C30H44OS 
and C37H48O2S, have been formed by the removal of 3 mols of 
hydrogen and the introduction of 1 sulfur atom. The reactions 
occurring in the case of /J-amyrin and its benzoate were identical 
since the thio compounds obtained from both sources were inter¬ 
convertible by benzoylation or saponification. The yield in the 
case of the benzoate (about 50 per cent) was somewhat better 
than in the case of /^-amyrin itself (35 per cent). The secondary 
hydroxyl group of /3-am3u:in is, therefore, retained in the sulfur 
derivative. 

The sulfur of the thio compounds is apparently of complex 
thiophene character since it cannot be removed as hydrogen sulfide 
on heating with strong alcoholic alkali. On the other hand, it was 
readily removed in oxidation experiments, as given below. At¬ 
tempts to demonstrate the presence of new double bonds by cataly¬ 
tic hydrogenation experiments were unsuccessful. This fact, 
however, does not exclude the presence of double bonds. 

In the oxidation experiments the benzoate of the thio com¬ 
pound was employed in order to avoid complications which might 
arise by participation in the reaction of the secondary hydroxyl 
group. With permanganate in acetic acid, it was gradually 
oxidized with the formation of at least two substances of neutral 
character which no longer contained sulfur. Although it was 
possible to separate these substances by fractional recrystal¬ 
lization, it was found preferable to saponify the crude benzoate 
mixture. From the resulting mixture of hydroxy compounds the 
two substances were separated by fractional recrystallization 
and gave analytical figures which agreed best with the formulae 
C80H46O8 and C80H44O4 respectively. 
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On acylation both of these substances gave only a monoacetate 
or a monobenzoate, the latter proving to be identical in each case 
with the benzoates obtained directly in the above oxidation. 
Therefore, aside from the secondary hydroxyl group originally 
present in am3a*in, no other hydroxyl group can be detected by 
acylation. The substance C30H46O3 proved to be a ketone since 
it yielded, although with some difficulty, a monooxime. By the 
Clemmensen method only 1 oxygen atom could be replaced by 
hydrogen. The remaining oxygen atom introduced during the 
oxidation is, therefore, of undetermined character although it is 
presumably a hydroxyl. The substance resisted all attempts to 
cleave it on heating with strong alkali. 

The substance C30H44O4 is apparently a lactone. Although it 
resisted boiling in 5 per cent alcoholic alkali for hours, when 
heated with 10 per cent alkali at 130 ° it was converted into a 
monobasic acid, C30H48OB. The same substance was encountered 
in the reaction mixture obtained on saponification of the crude 
benzoate mixture. The lactone did not react with hydroxylamine. 
It formed only a monoacetate and a monobenzoate and the latter 
proved to be identical with that isolated directly from the oxidation 
mixture. No indication of the absorption of hydrogen was ob¬ 
tained in experiments on catalytic hydrogenation. 

The above ketone, however, was found to absorb catalytically 
activated hydrogen and the resulting substance appeared to be 
a mixture of isomers. The analytical figures, although not in 
close agreement, approximated those for amyrin, indicating 
definitely the loss of the 2 extra oxygen atoms during the hy¬ 
drogenation, and since it still gave a benzoate, the retention of the 
original secondary hydroxyl. 

Owing to the temporary lack of sufficient material we have been 
forced to interrupt this work for the present. With the data at 
hand it is perhaps premature to suggest a picture of the mechanism 
of the formation of these oxidation products from the thio com¬ 
pound and much less the relationship of the latter to the parent 
triterpene alcohol. Although several interpretations are possible, 
we shall leave this rather until further work has been done. 

In the recent work of Ruzicka with Pfeiffer® and with van Veen^ 

« Ruzicka, L., and Pfeiffer, M., Helv. Chim. Acta, 9, 841 (1926). 

^ Ruzicka, L., and van Veen, A. G., Ann. Chem., 476, 70 (1929). 
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on the dehydrogenation of elemol with sulfur, a sulfur-containing 
dehydrogenation product has also been obtained for which a 
thionaphthalene structure has been proposed. The possibility of 
any structural analogy between this substance and our own must 
be left for the present. It might be further noted that in the 
dehydrogenation of colophonium oil with sulfur along with 
retene, a crystalline sulfur compound, CisHieS, has been described 
by Schultze® as a thioretene which was shown to be a secondary 
product due to the further action of sulfur on retene. 

In the case of both a-amyrin and its benzoate the reaction with 
sulfur was found to take a different course, at least in so far as was 
indicated by the study of the reaction product which was obtained. 
The reaction with sulfur was performed exactly as in the case of the 
i 3 -isomers. Much more carbonization occurred than in the case 
of the jS-isomer and a much smaller 3deld, only about 10 per cent, 
of a crystalline substance was isolated, which was found to contain 
no sulfur. The analysis gave figures which agreed with the 
formulae CsqHisO and C37H62O2 for the free hydroxy compound and 
the benzoate respectively. This indicates that its formation from 
a-amyrin has resulted from the loss of 1 mol of hydrogen. Character¬ 
istic of dehydro-a-amyrin is its high rotation, [a] = + 358 ®, and the 
indigo blue color which it instantly gives with the Liebermann 
cholesterol test. For further characterization dehydro-a-amyrin 
was oxidized with chromic acid to the ketone, dehydro-a-amyrone, 
from which an oxime was prepared. For the time being, 
its behavior on oxidation with permanganate has not been 
studied. 

The difference in the behaviors of a- and jS-amyrin on partial 
dehydrogenation with sulfur brings up for the first time the question 
whether the difference in structure between these isomers is 
merely stereochemical. On the other hand, as will be seen in the 
following communication on a derivative of hederagenin, there is 
a striking parallelism in the behaviors of this sapogenin derivative 
and jS-amyrin, which increases the probability of the close relation¬ 
ship between these substances, since analogous structural features 
are probably involved in each case in the dehydrogenation and 
cyclization with sulfur. 

• Schultae, W., Ann, Chem.j 369, 129 (1908). 
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EXPERIMENTAL 

Partial Dehydrogenation of p~Amyrin and Benzoate 

In the dehydrogenation experiments it was found useful in all 
cases to employ a long necked 50 cc. Pyrex flask fitted with a 
ground glass stopper of wash bottle type containing an inlet and 
an exit tube. The latter was connected with a small trap which 
was in turn connected with a bubble counter containing about 1 
cc. of water. After introduction of the mixture of substance and 
sulfur into the flask, the stopper joint was made gas-tight with 
sulfur and air was displaced from the apparatus by a stream of 
nitrogen. This stream was then discontinued and the flask was 
heated in a metal bath. The temperature was gradually raised 
until a slow, steady stream of H 2 S was evolved. The tem¬ 
perature was then maintained within 10° of this point as long as 
appreciable evolution of gas continued. The temperature and 
duration will be recorded in each case. 

Dehydrogenation of fi-Amyrin Benzoate, —A mixture of 9.0 gm. 
of /S-amyrin benzoate and an equal amount of sulfur was heated 
for 4 hours at a bath temperature of 220-230°. The reaction mass 
was extracted with benzene and the excess sulfur removed by 
filtration. The benzene solution was evaporated to dryness on the 
steam ])ath and the resulting solid was distilled at a pressure of 
2 mm. in 3 grn. portions from a 10 cc. Claisen distilling flask. 
Sohdification of the distillate in the delivery tube of the distilling 
flask was prevented by inserting a copper wire through the delivery 
tube and extending this wire into the side neck of the Claisen 
flask. The temperature of the metal bath, in which the flask was 
immersed, was gradually increased until 275° was attained. At 
this point practically all of the free sulfur had distilled off. A 
cherry-colored resin distilled when the temperature of the bath was 
maintained between 300—350°. The resin was dissolved in a small 
amount of benzene and precipitated with 2 volumes of methyl 
alcohol. The precipitate was dissolved in benzene and decolorized 
with norit. When this solution was concentrated, the substance 
crystallized in the form of prisms which melted at 224-225°. The 
yield was 50 per cent. 
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[a] D* “ -f96® (c «“ 1.017 in pyridine). 

4.596 mg. substance: 3.610 mg. HaO, 13.424 mg. CO|. 

4.648 “ ‘‘ : 3.720 " " 13.600 

6.654 “ : 2.755 " BaSOi. 

CS 7 H 48 O 2 S. Calculated. C 79.80, H 8.70, S 5.75. 

Found, (a) 79.66, 8.79. 

( 6 ) “ 79.80, ‘‘ 8.96. 

(c) S 5.68 

Molecular weight determination according to the method of 
Rast^ gave the following results: 

29.160 mg. camphor: 3.234 mg. substance, A =» 8.75. Mol. wt., cal¬ 
culated, 556.4; found, 570. 

The Liebermann cholesterol test gave an amber-colored solution 
which changed into a reddish brown when warmed. Attempts to 
benzoylate the substance with pyridine and benzoyl chloride 
resulted in recovery of unchanged material. When this substance 
was refluxed for 6 hours in an acetic acid solution of lead acetate, 
no evidence of the cleavage of sulfur was noted and the starting 
material was recovered unchanged. 

Saponijicaiion of the Benzoate, CziHi%02S ,—A solution of 0.5 
gm. of the above sulfur compound in 50 cc. of 10 per cent alcoholic 
KOH was refluxed for 5 hours. The product was precipitated 
from the boiling solution by addition of water. When recrystal¬ 
lized from alcohol it separated in the form of fine needles which 
melted at 200-201°. 

[a] D° “ + 88 ° (c =■ 1.017 in pyridine). 

6.105 mg. substance: 5.335 mg. H* 0 , 17.840 mg. COj. 

6.788 : 5.940 « " 19.785 “ 

C,oH 440 S. Calculated. C 79.60, H 9.82. 

Found, (a) “ 79.70, ‘‘ 9.78. 

(6) 79.50, “ 9.79. 

The cholesterol test gave a cherry-red color which gave way to a 
yellowish green when the solution was warmed. 

Dehydrogenation of p~Amyrin ,—A mixture of 1.0 gm. of jS-amyrin 
and an equal amount of sulfur was heated for 3 hours at a bath 
temperature of 200-210°. The reaction mass was extracted with 

• Smith, J. H. C., and Young, W. G., J, Biol. Chem.j 75, 289 (1927). 
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ether and the ether solution was concentrated to i. sm II volume 
and then filtered into a 10 cc. Claisen distilling The 

residue was distilled at 2 mm. with the bath betwem 300-350®. 
The cherry-colored resin obtained in this manner was taken up in 
alcohol and the solution was decolorized with charcoal. The 
substance was precipitated from a boiling hot solution by addition 
of water. When this product was recrystaUized from alcohol it 
separated in the form of fine needles which melted at 200-201®. 
The yield was 35 per cent. 


[a]V ■» -f-86® (c = 1.020 in pyridine). 

4.805 mg. substance: 4.222 mg. HjO, 14.050 mg. CO,. 

3.665 " : 3.243 " " 10.640 '' “ 

7.432 « ; 3.885 BaS04. 

CioH^^OS. Calculated. C 79.60, H 9.82, S 7.08. 

Found, (a) 79.74, 9.83. 

(b) 79.17, '' 9.90. 

ic) S 7.18. 

The cholesterol test gave a cherry-red color which on heating 
gave way to a yellowish green. No depression of melting point 
could be observed when this substance was mixed with that 
obtmned by saponification of the above benzoate. The identity 
benzoates obtained was confirmed by comparison of their 

A solution of 0.1 gm. of C„H«OS, obtained from ^-amyrin, in 
1 cc. of benzene was refluxed with an excess of pyridine and 

hnth°+i, ^ evaporation on the steam 

bath the residue was recrystaUized from benzene by addition of 

methyl alcohol. The substance melted at 224-225° and showed 
o depression when mixed with the previous benzoate. In all 
other properties it proved to be identical. 

“ +97° (c -• 1.000 in pyridine). 

mg. substance: 3.210 mg. H,0, 11.820 mg. CO,. 

•• 3.558 « « 13 330 « « 

10.216 « •. ; 3.960 « BaSO. 

C„H4,0,S. Calculated. C 79.80, H 8.70, S 6 75 
Found, (o) » 79.75, “ 8.89. 

Q>) " 80.00, “ 8.77. 

S 5.33. 
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Oxidation of the Benzoate, C^^HA902S 

A suspension of 5 gm. of the benzoate in 500 cc. of acetic acid 
was stirred vigorously while 190 cc. of 6 per cent KMn 04 solution 
was added. After stirring for 2 hours complete solution occurred. 
This solution was then diluted with 1 liter of water and the pre¬ 
cipitate was separated by filtration from the colloidal solution of 
Mn02. 4.5 gm. of a mixture of benzoates were obtained, which 
was found to consist principally of the esters of the ketone C 80 H 46 O 3 
and the lactone C30H44O4. Although the separation of these sub¬ 
stances was accomplished directly by fractionation from ligroin, 
it was found to bo more advantageous to saponify the benzoates. 
For this purpose the crude substance was refluxed in 100 cc. of 
10 per cent alcoholic KOH for 4 hours. After dilution, the result¬ 
ing neutral precipitate was collected. The yield was 2.45 gm. 
When the alkaline filtrate was acidified, 1.1 gm. of an acid fraction 
was obtained. From the neutral fraction the ketone and lactone 
were separated as follows. 

The Lactone, CsqHaaOa -—Repeated recrystallizations from methyl 
alcohol of the above neutral fraction yielded homogeneous stout 
prisms which melted constantly at 299-300® with decomposition 
and were readily soluble in the usual solvents. Although this 
substance was recovered unchanged after prolonged heating at 
130° with 5 per cent alcoholic KOH, more vigorous treatment 
as given below causes saponification to the acid, thus indicating 
its lactone character. It is not affected by concentrated hydro¬ 
chloric acid at ordinary temperatures. The cholesterol test gave 
a reddish brown color which deepened when warmed. 

[a]^D « —14® (c “ 1.010 in pyridine). 

4.540 mg. substance: 3.880 mg. HiO, 12.855 mg. CO*. 

4.810 “ : 4.100 " 13.570 ‘‘ ‘‘ 

C10H44O4. Calculated. C 76.90, H 9.48. 

Found, (a) 77.22, ‘‘ 9.57. 

(6) “ 76.94, 9.54. 

The Acetate of the Lactone, C 30 H 44 O 4 .—A solution of 0.05 gm. 
of the lactone and 0.05 gm. of fused sodium acetate in 2 cc. of 
acetic anhydride was refluxed for 7 hours. At the end of this 
period the solution was diluted with water and the collected pre- 
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cipitate was recrystallized from dilute alcohol. It crystallized in 
the form of shining plates which melted at 269-271®. 

6.048 mg. substance: 4.105 mg. HiO, 13.030 mg. COi. 

4.600 “ “ : 3.670 “ “ 12.645 “ “ 

C„H4,0,. Calculated. C 75.41, H 9.00. 

Found, (o) “ 76.26, " 9.10. 

(5) “ 74.97, “ 8.93. 

TheBemoaie of the Lactone, CztHuPt .—A solution of 0.05 gm. 
of the lactone in benzene was refluxed for 3 hours with an excess 
of pyridine and benzoyl chloride. The excess of reagents was 
removed by repeated evaporation with benzene. The residue after 
rccrystallization from alcohol formed needles which melted at 
292-293®. 

3.917 mg. substance: 2.940 mg. HjO, 11.178 mg. CO*. 

3.845 “ “ : 3.005 “ “ 10.930 “ " 

C,7H4,0,. Calculated. C 77.60, H 8.47. 

Found, (a) “ 77.83, “ 8.40. 

(5) “ 77.52, “ 8.74. 

The same benzoate was obtained directly by fractionation from 
ligroin of the crude mixture resulting from the oxidation of the 
benzoate of the thio compound. After repeated recrystallization 
from alcohol it formed needles which melted at 295-297® and 
showed no depression when mixed with the above benzoate. 

3.992 mg. substance: 3.035 mg. HiO, 11.312 mg. COi. 

4.738 " “ : 3.654 " " 13.485 " “ 

Found, (o) C 77.27, H 8.51. 

(6) " 77.62, “ 8.63. 

The Add, CzzHuOz .—A solution of 0.1 gm. of the lactone in 6 cc. 
of 10 per cent alcoholic KOH was heated in a sealed tube at 120- 
130® for 3 hours. The diluted mixture was acidified and the 
precipitate of acid and silica was collected and dried. The 
alcohoUc solution was filtered from silica. On dilution of the 
filtrate, the crystalline acid separated as prisms. After recrystal¬ 
lization from acetone it melted at 237-238°. 

4.055 mg. substance: 3.480 mg. HiO, 11.030 mg. COt. 

CicHwO,. Calculated. C 74.01, H 9.54. 

Found. “ 74.19, " 9.60. 
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For the titration 12.702 mg. of the acid were dissolved in 2 cc. 
of alcohol and titrated with 0.1 n NaOH against phenolphthalein. 
Found, 0.276 cc. Calculated for 1 equivalent, 0.261 cc. After 
refluxing with an excess of alkali no further consumption was 
noted. 

The same acid was obtained directly from the crude acid fraction 
formed on the saponiflcation of the original oxidation mixture. 
This crude fraction on recrystallization from alcohol formed 
prisms which after being recrystallized from acetone melted at 
238-239^. 

[aI d* “ +96® (c *» 1.030 in pyridine). 

3.912 rag. substance: 3.330 mg. HjO, 10.580 mg. CO 2 . 

4.777 '' : 4.075 " ‘‘ 12.922 ‘‘ “ 

CaoH^Ofi. Calculated. C 74.01, H 9.54. 

Found, (a) 73.76, 9.53. 

(6) ** 73.78, 9.55. 

8.575 mg. of substance were dissolved in 2 cc. of alcohol and 
directly titrated with 0.1 n NaOlI against phenolphthalein. 
Found, 0.200 cc. Calculated for 1 equivalent, 0.177 cc. 

The Ketone, CsoHaqO ^.—This substance was isolated from the 
crude methyl alcoholic mother liquors obtained from the above 
lactone. After repeated recrystallization from ether it formed long 
slender needles which melted at 274-275°. 

[a]V ** —127® (c = 1.023 in pyridine). 

4.285 mg. substance: 3.998 mg. HjO, 12.455 mg. CO*. 

4.700 “ : 4.264 13.670 ‘‘ 

C,oH« 03 . Calculated. C 79.30, H 10.22. 

Found, (a) ** 79.27, “ 10.43. 

(6) 79.32, “ 10.15. 

This substance may be recovered from its solution in concen¬ 
trated hydrochloric acid unchanged. The cholesterol test gave a 
yellow-orange color which changed to amber when the solution was 
warmed. 

The Oxime of the Ketone, CzqHuOs ,—A solution of 0.1 gm. of 
the ketone in alcohol was refluxed for 5 hours with twice the cal¬ 
culated amounts of sodium acetate and hydroxylamine hydro¬ 
chloride. The solution on dilution with water gave a precipitate 
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which was recrystallized from acetone. It separated in the form 
of prisms which melted at 234-236® with decomposition. 

3.820 mg. substance: 3.385 mg. HjO, 10.740 mg. COj. 

7.657 " “ : 0.220 cc. N (29°, 756.0 mm.). 

C,«H«,0,N. Calculated. C 76.69, H 10.08, N 3.00. 

Found, (a) “ 76.70, '* 9.92. 

(5) N 3.27. 

The Acetate of the Ketone, CaaHieOa .—A solution of equal 
amounts of the ketone and fused sodium acetate in acetic 
anhydride was refluxed for 7 hours. The solution was diluted 
with water and the resulting substance was recrystallized from 
alcohol by dilution with water. The melting point observed was 
231-232°. The low hydrogen figures obtained on analysis of 
this substance were not further investigated. 

4.605 mg. substance: 3.908 mg. 11,0, 13.045 mg. CO,. 

4.390 “ “ ; 3.070 “ “ 12.403 " “ 

CjjITisO,. Calculated. C 77.36, 11 9.75. 

Found, (a) “ 77.2.5, “ 9.50. 

(6) “ 77.06, “ 9.35. 

The Benzoate of the Ketone, Cinflt^Pz .—A benzene solution of 0.2 
gm. of the ketone was refluxed for 1 hour with an excess of pyridine 
and benzoyl chloride. After evaporation, the residue was taken 
up in alcohol and precipitated with water. The benzoate separated 
as needles when recrystallized from alcohol and melted at 261-262°. 

l«lV =“ —77° (c => 1.003 in pyridine). 

2.920 mg. substance: 2.365 mg. H,0, 8.518 mg. CO,. 

4.625 " “ ; 3.657 “ " 13,478 “ « 

CirlltoO,. Calculated. C 79.51, II 9.02. 

Found, (o) “ 79.56, “ 9.06. 

(6) “ 79.48, » 8.86., 

This benzoate proved to be resistant to the oxidizing action of 
permanganate in acetic acid solution. Apparently the same 
benzoate, although not quite pure, was obtained directly from the 
mother liquor after removal of the benzoate of the lactone from the 
mixture of crude benzoates which resulted from the oxidation of the 
sulfur compound. Repeated recrystallization from alcohol finally 
yielded needles which melted at 255-257°, somewhat lower than 
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the above benzoate. When mixed no further depression of the 
melting point was observed. 

4.109 mg. substance: 3.153 mg. HiO, 11.897 mg. CO*. 

4.035 “ : 3.200 “ “ 11.660 “ “ 

Found, (a) C 78.98, H 8.59. 

(6) 78.81, 8.88. 

Clemmensen Reduction of the Ketone, CsaHi&Oz .—A solution of 
0.05 gm. of the ketone in 5 cc. of acetic acid was treated with 2gm. 
of amalgamated zinc and 1 cc. of hydrochloric acid (1.19). The 
mixture was refluxed for 1^ hours and then precipitated with water. 
When recrystallizcd from dilute alcohol, the desoxy derivative 
melted not sharply at 155-160®. It is to be doubted that the sub¬ 
stance was homogeneous and owing to the limited amount of 
material available it was not investigated further. 

4.252 mg. substance: 4.135 mg. HjO, 12.610 mg. CO*. 

4.480 : 4.460 '' 13.267 '' 

C,oH 4 sO*. Calculated. C 81.75, H 10.98. 

Found, (a) 80.89, 10.88. 

(6) 80.77, 11.14. 

Hydrogenation of the Ketone, CzoHi^Oz, —0.2 gm. of the ketone in 
alcoholic solution was hydrogenated with 0.1 gm. of platinum 
oxide catalyst. After reduction of the catalyst the hydrogen 
absorption proceeded slowly but steadily. Since after 18 hours 
the addition of more catalyst caused no further absorption, the 
operation was discontinued. The volume of 40 cc. noted was 
approximately the equivalent of 4 mols of hydrogen. On con¬ 
centration after removal of the catalyst, the substance crystallized 
as needles which melted at 205-215®. This material was probably 
a mixture of isomers and after repeated recrystallization from 
alcohol it melted at 200-202®. The analytical figures approximated 
those for amyrin. 

3.700 mg. substance: 3.745 mg. H*0, 11.405 mg. CO*. 

3.845 '' : 3.835 " " 11.815 " “ 

3.933 ‘‘ : 4.000 " " 12.080 « 

C,oH*oO. Calculated. C 84.45, H 11.73. 

Found, (a) ‘‘ 84.07, 11.33. 

(6) ‘‘ 83.81, 11.17. 

(c) “ 83.77, 11.38. 
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In a second hydrogenation experiment a similar substance was 
obtained which on repeated recrystallization from methyl alcohol 
melted not sharply from 207-226° and was apparently a mixture of 
stereoisomers. 

4.437 mg. substance: 4.425 mg. HjO, 13.620 mg. COj. 

Found. C 83.72, H 11.16. 

This substance did not react with hydroxylamine but 3 delded a 
benzoate. This proved to be a mixture of isomers which melted 
from 205-215°. The analytical figures, however, with several 
samples of repeatedly recrystallized benzoate gave analytical 
figures which were in consistent disagreement with the calculated 
figures for a monobenzoate of C30H50O. The following is repre¬ 
sentative of these results. 

4.258 mg. substance: 3.628 mg. H 20 ,12.950 mg. COj. 

CiilUiOi. Calculated. C 83.71, H 10.26. 

Found. ** 82.94, 9.54. 

Partial Dehydrogenation of a-Amyrin and Benzoate 

Dehydrogenation of a-Amyrin Benzoate. —A mixture of 6.0 gm. 
of a-amyrin benzoate and an equal amount of sulfur was heated 
in an atmosphere of nitrogen for 6 hours at a bath temperature of 
220-230°. Considerable carbonization occurred. The reaction 
mass was extracted with ether and the filtered solution was evapo¬ 
rated to dr 3 mess. When ether was again added to the residue 
complete solution did not take place. This undissolved sulfur was 
removed by filtration and the solution was again evaporated to 
dryness. This process was repeated until addition of ether pro¬ 
duced complete solution. The final ether-soluble product from 
this treatment was dissolved in alcohol and the solution was 
decolorized with carbon. On concentration, dehydro-a-amyrin 
benzoate crystallized in the form of shining plates. The product 
was recrystallized from alcohol and then from acetone. 0.6 gm. 
of substance was obtained which melted at 171-172°. The 
cholesterol test proved to be quite characteristic and of a dijEferent 
character from that shown by a- and jS-amyrin benzoates. This 
benzoate gave a light blue color which deepened to an indigo blue 
when the solution was warmed for a short time. 
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lot) D* “ +304® (c ■■ 1.023 in pyridine). 

6.237 mg. substance: 4.600 mg. H 2 O, 16.115 mg. COi. 

4.175 ‘‘ : 3.718 " “ 12.813 '' " 

Cj 7H6202. Calculated. C 84.03, H 9.92. 

Found, (a) 83.92, 9.83. 

(b) ‘‘ 84.10, “ 10.00. 

Dehydro-ot-Amyrin Benzoate from a-Amyrin, —A mixture of 1.7 
gm. of a-amyrin and an equal amount of sulfur was heated in an at¬ 
mosphere of nitrogen for 5 hours at a bath temperature of 200-210®. 
The mass was extracted with ether and the sulfur removed as in the 
case of the above benzoate. It was found advantageous to convert 
this product into the benzoate for purposes of purification. Ac¬ 
cordingly, it was dissolved in benzene and was refluxed for 1 hour 
with benzoyl chloride and pyridine. The excess reagents were 
removed by repeated evaporation with benzene. The resulting 
syrup was taken up in alcohol and after treatment withnorit 
the solution was concentrated on the steam bath until crystalliza¬ 
tion took place. The resulting substance was identical with the 
dehydro-a-amyrin benzoate described above. It melted at 
171-172®. 

[a]l^ = +305® (c « 1.007 in pyridine). 

4.902 mg. substance: 4.370 ing. IIjO, 15.110 mg. COj. 

CsrHtsOj. Calculated. C 84.03, H 9.92. 

Found. “ 84.06, “ 9.98. 

Dehydro-a-Amyrin. —The benzoate was refluxed with 10 parts 
of 10 per cent alcoholic KOH for 5 hours. The hot solution was 
diluted with water. The resulting precipitate was collected with 
water and recrystallized from hot acetone by dilution with water. 
It crystallized in the form of long, slender needles which melted 
at 162-163°. The cholesterol test gave an immediate deep 
indigo-blue in the cold. 

[alo* =• +358“ (c = 1.000 in pyridine). 

4.202 mg. substance: 4.278 mg. HjO, 13.085 mg. CO,. 

3.977 « » : 3.950 “ “ 12.385 “ “ 

C,oH«0. Calculated. C 84.91, H 11.32. 

Found, (o) “ 84.92, “ 11.39. 

(6) “ 84.93, “ 11.12. 

Dehydro-a-Amyrone.—A solution of 0.2 gm. of dehydro-a- 
amyrin in 5 cc. of acetic acid was oxidized by slow addition of an 
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acetic acid solution of 0.07 gm. of CrOj. This solution was re¬ 
fluxed for J hour and then diluted while hot. The resulting sub¬ 
stance when recrystallized from methyl alcohol separated in the 
form of plates which melted at 133-134°. The cholesterol test 
gave a light violet color which deepened when the solution was 
warmed and then gradually changed to a green. 

[alD” = +412“ (c “ 0.870 in pyridine). 

3.964 mg. substance: 3.860 mg. HjO, 12.310 mg. COi. 

4.460 “ " : 4.402 “ “ 13.833 “ “ 

4.125 “ “ : 4.138 “ “ 12.915 " “ 

C.oHwO. Calculated. C 85.20, H 10.73. 

Found, (o) “ 84.70, “ 10.90. 

(5) “ 84.78, " 11.07. 

(c) “ 85.39, “ 11.22. 

a-Amyrone. —For comparison a-amyrone was prepared accord¬ 
ing to Zinke.*® It possessed the recorded properties and melted 
at 124° after preliminary sintering. The cholesterol test gave a 
light violet color which gradually faded to a yellow when warmed. 

[a] d' “ +119° (c = 1.007 in pyridine). 

4.558 mg. substance: 4.572 mg. HjO, 14.185 mg. COj. 

4.733 “ “ : 4.833 “ " 14.690 “ “ 

CjoHijO. Calculated. C 84.91, H 11.32. 

Found, (a) “ 84.87, “ 11.23. 

(5) “ 84.65, “ 11.42. 

Dehydro-a-Amyroneoxime. —A methyl alcoholic solution of 0.05 
gm. of dehydro-a-amyrone was refluxed with an excess of hy- 
■ droxylamine hydrochloride and sodium acetate for 2 hours. The 
oxime was precipitated from the boiling solution by the addition 
of water. When recrystallized from methyl alcohol it separated 
in the form of needles which melted at 233-235°. 

4.332 mg. substance: 4.200 mg. HjO, 13.120 mg. COj. 

2.230 “ “ : 2.110 “ “ 6.743 “ “ 

4.728 " “ : 0.136 cc. N (26°, 775.9 mm.). 

CioH 4 tON. Calculated. C 82.30, H 10.84, N 3.20. 

Found, (a) “ 82.60, “ 10.85. 

(6) " 82.47, “ 10.60. 

(c) N 3.35. 


*• Zinke, A., Monatah. Chem., 42,439 (1924). 
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SAPONINS 

V. The Partial Dehydrogenation of Hederagenin 

By WALTER A. JACOBS and ELMER E. FLECK 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, May 15, 1930) 

Simultaneously with the experiments on the partial dehydro¬ 
genation with sulfur of the amyrins,^ we have also carried on anal¬ 
ogous studies with hederagenin derivatives. In preliminary ex¬ 
periments with hederagenin methyl ester a relatively small amount 
of a crystalline sulfur compound was obtained, but since much 
better results were secured with another derivative the investiga¬ 
tion of this substance was discontinued. With the idea that the 
free hydroxyl groups of hederagenin methyl ester contributed 
perhaps to the very poor yield of sulfur derivative, we have turned 
to another substance in which these groups have been re¬ 
moved. The derivative selected was the previously described 
substance C 3 iH 6 o 02 ,^ which was prepared by the Clemmensen 
reduction of the ketone, C 31 H 48 O 3 . This ketone had been in turn 
obtained by oxidative degradation of hederagenin methyl ester. 
For convenience of designation we propose the name hedragonic 
methyl ester for this ketone and for its reduction product, C 3 iH 6 o 02 , 
the name hedraganic methyl ester. When the latter substance 
was partially dehydrogenated with sulfur, about 50 per cent of 
a crystalline sulfur-containing derivative was obtained in which 
the methyl ester group remained intact. The formula of this 
substance suggested by the analytical figures is C 31 H 44 O 2 S which 
must have been formed by the removal of 3 mols of hydrogen 
and the introduction of 1 sulfur atom. This derivative proved to 
be analogous to the sulfur compound obtained from jS-amyrin. 

^ Jacobs, W. A., and Fleck, E. E., J, Biol. Chem.j 88, 137 (1930). 

* Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 69, 641 (1926). 
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The sulfur atom resisted treatment with alkali and is unquestion¬ 
ably of cyclic character. The analogy of this substance to the 
/ 3 -amyrin derivative was further shown by its behavior on oxida¬ 
tion with permanganate in acetic acid solution. Here again two 
neutral sulfur-free oxidation products were formed, which were 
shown to be respectively C 31 H 46 O 4 and C 81 H 44 O 6 and were appar¬ 
ently analogous to the substances obtained from the ^-amyrin thio 
compound. The former proved to be a ketone since it yielded a 
monooxime. Attempts to acylatc this ketone were not success¬ 
ful, leaving for the moment the nature of the other oxygen atom 
undetermined. The separation of this substance from the other 
oxidation products afforded considerable difficulty which probably 
accounts for the deviation from the theory of the analytical data 
obtained from it and its derivatives. The second oxidation 
product, also of neutral character, did not yield an oxime and 
could not be acylated but was shown by its behavior towards 
alkali to be in all likelihood a lactone. But in the study of the 
action of alkali on these substances it was found necessary to take 
into consideration a complicating factor in the form of the methyl 
ester group. 

In previous papers on hederagenin methyl ester and its deriva¬ 
tives, the stability and resistance to saponification of this ester 
group have been reported.® In view of the observations given 
below, we have studied again the behavior towards alkali of 
hederagenin methyl ester itself and certain of its derivatives. 
Although as originally reported, the ester group of these substances 
is unusually resistant to the saponifying action of alkali, conditions 
have now been found for their saponification. This was accom¬ 
plished by heating the esters for 3 to 5 hours in 10 per cent alco¬ 
holic potassium hydroxide at 130®. It was possible then to isolate 
in each case about 50 per cent of the free acids along with un¬ 
changed ester. 

On turning to the study of the action of alkali on the thio com¬ 
pound described above, the resistant property of the methyl ester 
group was found to be retained. In contrast to this, however, the 
methyl ester groups of the two oxidation products derived from 
the sulfur compound were found to be surprizingly easily saponified. 

* Jacobs, W. A., J. Biol. Chem., 63, 628 (1925). van der Haar, A. W., 
Rec. trav. chim. Pays-Bas, 44, 740 (1925). 
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This was quantitatively accomplished by refluxing these substances 
in dilute alcoholic alkali which was the equivalent of 0.06 N. From 
each substance, CS 1 H 46 O 4 and CJ 1 H 44 OS, were obtained the free 
acids, CiaH 4404 and CtoH420(, respectively. Since the sulfur 
compound itself cannot be similarly saponified, it is apparent that 
the sulfur atom must be situated in the same general vicinity in 
the molecule as the carbomethoxyl group in order that its removal 
on oxidation with the introduction of oxygen atoms should labilize 
this ester group. This conclusion was further supported by the 
observation that the carboxyl group itself which was originally 
present in hederagenin and is now liberated again by saponifica¬ 
tion of the ester group displays a new kind of lability not pre¬ 
viously noted in hederagenin and its derivatives. On heating 
the above keto ester, Cji H 4404 , with 10 per cent potassium hydrox¬ 
ide at 130°, a neutral substance was obtained which was found 
to possess the formula C 2 #H 440 t. This substance owed its origin 
to the loss of CO 2 from the carboxyl group following its prelim¬ 
inary liberation by saponification from the ester group. 

The second oxidation product, CsiH 4404 , which W been de¬ 
scribed as a lactone, exhibitea a similar behavior but in this case 
the lactone group was simultaneously saponified. Therefore, 
the opening of the lactone group together with saponification of the 
methyl ester group and simultaneous loss of CO 2 from the car¬ 
boxyl group liberated in the latter case resulted in an acid sub¬ 
stance, C 2 gH 4404 . In the case of the keto ester and the lactone 
ester these reactions may be represented as follows: 


ICO 1 CO ]CO 

Cj#H«0 ^ ^ C 18 H 41 O f ^ C 1 SH 41 O I 

j COOCH, J COOH J H 


CmH4iO 



CnHiiO 



COOH 


C„H4,0 


OH 


COOCH, 


COOH 


H 


The formation of these substances, therefore, involves the loss of 
the original carboxyl group of hederagenin. 

The lability of the ester carboxyl in these oxidation products 
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suggests that the ketone CsiH^Oi, is a iS-keto ester ana tuat in the 
ester lactone, C3iH4406, the lactone group is also in a /3 position to 
the methyl ester group. From these facts it may be suggested 
with reservation that in the thio compound one of the caruon a >ms 
to which the sulfur atom is attached is to the methyl ester group. 
On removal of the sulfur atom by oxidation, this carbon atom now 
becomes carbonyl in the case of keto ester and a lactone carbon 
in the case of the second oxidation product. Although it is pos¬ 
sible to suggest explanations of the formation of such oxidation 
products from an assumed polycyclic thiophene derivative, we do 
not feel that this is justified until more data have been obtained. 

The formation of the sulfur compounds and their behavior on 
oxidation in both /S-amyrin and hedraganic methyl ester present 
exactly analogous pictures which very strongly suggest that identi¬ 
cal structures are involved in each case. A study of this reaction 
is being extended to include other sapogenins, triterpene alcohols, 
etc. 


EXPERIMENTAL 


Dehydrogenation of Hedraganic Methyl Ester.—A mixture of 5 
gin. of hedraganic methyl ester^ and an equal amount of sulfur was 
heated in an atmosphere of nitrogen for 5 hours, at a temperature 
of 210-220^". The reaction mass was extracted with ether and the 
filtered solution was evaporated to dryness. The resulting solid 
was distilled at 3 mm. from a 10 cc. Claisen distilling flask. The 
temperature of the metal bath, in which the flask was immersed 
was gradually increased until a temperature of 275° was attained! 
At this point practically all of the free sulfur had distilled. A 
c erry-colored resin distilled when the temperature of the bath was 
maintained between 300-350°. A solution of this resin in 10 cc. 
of hot acetone gradually crystallized. The collected substance 
was then recrystallized from acetone and finally from alcohol. 

1 colorless prisms which melted at 137- 

168 In pyridine solution no appreciable optical activity could 


For analysis the substance was recrystallized four times from 
acetone. Following this, in order to confirm the analytical data 
the substance was again recrystallized four times from acetone. 
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(а) 6.880 mg. substance*: 4.700 mg. H|0, 16.666 mg. COt. 

( б ) 4.668 " “ ♦: 3.837 " 13.260 " ** 


(c) 4.608 


t: 3.740 " 

" 12.810 “ 

1C 

(d) 5.220 

tt a 

t: 4.210 “ 

" 14.810 " 

tt 

(e) 7.425 

u tt 

; 3.460 mg, 

. HaSO.. 



C 11 H 44 O 2 S. 

Calculated. 

C 77.45, H 9.16, 

S 6.67. 


CioH4iOiS. 

it 

“ 77.20, “ 9.08, 

“ 6 . 86 . 



Found, (a) 

“ 77.30, “ 8.95. 




( 6 ) 

“ 77.46, “ 9.19. 




(c) 

" 77.50, “ 9.28. 




id) 

“ 77.38, " 9.03. 




(e) 


8 6.43. 


* Recrystallized four times. 

t Recrystallized eight times. 

Tilration showed no free acidity. In an experiment in which 
the substance was refluxed for 5 hours with 1 per cent alcoholic 
KOH, 50 per cent of recrystallized starting material was recovered 
and only an inappreciable amount of acid product was obtained. 
The methyl ester group, as in the starting material, is thus seen to 
be diflScult to saponify. The cholesterol test gave an orange solu¬ 
tion which changed to a deep red when warmed. A molecular 
weight determination according to the method of East gave the 
following result: 

14.687 mg. camphor: 2.242 mg. substance, A » 14.5**. Mol. wt., calcu¬ 
lated, 476.4; found, 450. 

Oxidation of the Thio Compound 

The Lactone Esterj CziHaO ^,—A solution of 3 gm. of the above 
sulfur compound in 300 cc. of acetic acid was stirred while 125 cc. 
of 6 per cent KMn 04 solution were added. After stirring for 1 
hour, the solution was diluted with 3 volumes of water. The 
white precipitate which separated was removed from the colloidal 
solution of Mn02 by filtration. Final traces of Mn02 were elim¬ 
inated by dissolving the precipitate in alcohol and filtering the 
solution. The alcoholic filtrate was evaporated to dryness and 
the residue was dissolved in ligroin (80-90°). This solution was 
then concentrated on a steam bath to a volume of 300 cc. The 
cooled solution deposited long, needle-shaped crystals. When 
this product was recrystallized from acetone it melted at 274- 
275°. The cholesterol test gave a yellow color which deepened 
to an amber when the solution was warmed. 
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(ajo “ —16® (o 1.017 in pyridine). 

5.130 mg. substance: 4.022 mg. HjO, 14.070 mg. COi 

4.262 “ " : 3.400 " " 11.642 “ “ 

6.490 “ " : 2.692 " Agl. 

Ci,H 440 ,. Calculated. C 74.96, H 8.92, OCH, 6.25. 

Ci«H4,0,, « “ 74.70, “ 8.72, “ 6.44. 

Found, (o) “ 74.80, » 8.77. 

(6) “ 74.52, " 8.92. 

(c) OCH* 6.. 

Contrary to the original thio compound and hederagenin m, v*iyl 
ester, the ester group of this oxidation product is easily saponified 
by dilute alkali as follows: 

Saponification of the Methyl Ester Group of the Lactone Ester, 
CnHuOt. —15.372 mg. of substance were dissolved in 4 cc. of 
alcohol. The solution showed no free acidity. 3.203 cc. of 0.1 N 
NaOH were added and the mixture was refluxed in an atmosphere 
of nitrogen for 4 hours, and then titrated back. Found, 0.239 cc. 
Calculated for 1 equivalent, 0.262 cc. 

The solution on acidification with acetic acid and concentration 
yielded the ciystalline lactone acid. When this product was re¬ 
crystallized from diluted acetone, it separated in the form of plates 
which melted at 255—256“ with decomposition. 

4.370 mg. substance: 3.380 mg. 11,0, 11.900 mg. CO*. 

CioH 4 ] 04 . Calculated. C 74.62, H 8.79. 

Ci,H4o04. " “ 74.31, “ 8.60. 

Found. “ 74.27, “ 8.65. 

Cleavage of the Lactone Ester, CallnOi, icith Strong Alkali .—A 
solution of 0.2 gm. of the lactone ester in 15 cc. of 10 per cent alco¬ 
holic KOH was heated in a sealed tube at 130-140° for 4 hours. 
The solution was diluted with 3 volumes of water and the small 
amount of precipitate which separated was filtered off. The 
filtrate was acidified and the acid product which precipitated was 
collected with water. When recrystallized from acetone it sepa¬ 
rated in the form of hexagonal plates which melted at 209-210°. 

4.900 mg. substance: 4.265 mg. H,0, 13.585 mg CO* 

3.660 “ “ : 3.070 “ « 10.180 " « 

C*(H 4404 . Calculated. C 76.25, H 9.73. 

CjtH4j04. “ “ 75.95^ « 9 5g 

Found, (o) “ 75.61, “ 9.74. 

(6) " 75.86, » 9.39. 
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10.355 mg. substatice were dissolved in 4 cc. of alcohol and di¬ 
rectly titrated with 0.1 n NaOH against phenolphthalein. Found, 
0.250 cc. Calculated for 1 equivalent, 0.227 cc. 

In attempts to prepare a benzoate and an oxime of the lactone 
ester it was recovered unchanged. 

The Keto Estery CziHi^O^. —^This product of the oxidation of the 
thio compound was obtained from the ligroin mother liquor of the 
first crystallization of the above lactone ester. When this solu¬ 
tion was concentrated to about 25 cc. long, fibrous needles sepa¬ 
rated on cooling. Purification of this substance was accomplished 
by repeated fractionation from ether, in which the lactone ester 
is much less soluble. This separation proved to be very diffi¬ 
cult and it is possible that the substance was still not homoge¬ 
neous. This may account in part for the rather unsatisfactory 
analytical figures obtained with this and its succeeding derivatives. 
Final purification was attempted by dissolving the substance in 
ether and inducing crystallization by the addition of petrolic 
ether. The silky needles obtaine \ melted at 202-204®. 

[«]d =» —184® (c *=> 1.027 in pyridine). 

5.420 mg. substance: 4.385 mg. HaO, 15.240 mg. COa. 

4.280 “ “ : 3,470 " “ 12.055 “ “ 

5.160 ‘‘ : 2.505 Agl. 

CaiH 4 (, 04 . Calculated. C 77.11, H 9.62, OCH| 6.44. 

C 50 H 44 O 4 . ‘‘ “ 76.85, “ 9.41, « 6.63. 

Found, (a) 76.69, 9.05. 

( 6 ) “ 76.83, ** 9.06. 

(c) OCHs 6.41. 

In an attempt to benzoylate the keto ester it was recovered un¬ 
changed. 

The Oxime of the Keto Ester, mixture of 0.1 gm. of 

the keto ester and hydroxylamine in absolute alcoholic solution 
was heated in a sealed tube at a temperature of 110-120® for 10 
hours. The alcoholic solution was then concentrated and the 
oxime was allowed to crystallize. Repeated recrystallizations 
from alcohol gave a substance which melted at 236—237® with 
decomposition. 



236 


SAPONINS. V 


4.730 mg. substance: 3.940 mg. HtO, 13.045 mg. COj. 

4.000 “ : 3.200 “ “ 11.045 “ 

7.450 '' : 0.196 cc. N (26°, 761.5 mm.). 

4.903 : 2.560 mg. Agl. 

C,iH 4704 N. Calculated. C 74.79, H 9.54, N 2.82, OCHi 6.23. 

C.oH4504N. ‘‘ “ 74.47, 9.39, ** 2.89, “ 6.41. 

Found, (a) 75.22, 9.32. 

(b) 75.28, ‘‘ 8.95. 

(c) N 3.00. 

(d) OCH, 6.89. 

Saponification of the Methyl Ester Group of the Keto Ester^ 
CziHa^Oa- —10.867 mg. of substance were dissolved in 4 cc. of alco¬ 
hol. The solution showed no free acidity. 3.222 cc. of 0.1 N 
NaOH were added and the solution was refluxed in an atmosphere 
of nitrogen for 4 hours and then titrated back. Found, 0.252 cc. 
Calculated for 1 equivalent, 0.242 cc. 

When the solution was acidified with acetic acid and then con¬ 
centrated, crystallization occurred. When this product was re¬ 
crystallized from dilute acetone it separated in the form of fine 
needles which melted at 184-185°with decomposition. 

3.987 mg. substance: 3.270 mg. HjO, 11.222 mg. CO 2 . 

3.955 : 3.110 ‘‘ 11.167 “ 

C. 0 H 44 O 4 . Calculated. C 76.85, H 9.41. 

C24H4204. “ 76.60, 9.32. 

Found, (a) 76.76, 9.18. 

(6) ** 77.00, ** 8.80. 

Cleavage of the Keto Ester, CziHuOa, with Strong Alkali, —A solu¬ 
tion of 0.2 gm. of the ketone in 15 cc. of 10 per cent alcoholic 
potassium hydroxide solution was heated in a sealed tube at 13(K- 
140® for 3^ hours. The solution was diluted with 3 volumes of 
water and the precipitate was collected with water. The dried 
material was extracted with a small amount of petroleum ether 
in order to remove a small amount of non-crystalline by-product. 
When the residue was recrystallized from ether it separated in 
the form of needles which melted at 262-264® and proved to be 
neutral. 

4.1(X) mg. substance: 3.660 mg. H 2 O, 12.415 mg. CO 2 . 

3.595 '' “ : 3.170 “ « 10.900 “ ‘‘ 

Ca9H4,02. Calculated. C 82.41, H 10.03. 

C 28 H 40 O 2 . “ ** 82.35, 9.88. 

Found, (o) ** 82.61, 9.99. 

(6) “ 82.69, 9.87. 
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Saponification of Hederagenin Methyl Ester. —A solution of 0.2 
gm. of the ester in 10 cc. of 10 per cent alcoholic KOH was heated 
in a sealed tube at 120-130° for 5 hours. Dilution with 3 volumes 
of water gave a precipitate which was collected and dried. The 
dried material was extracted with ether, leaving the insoluble 
potassium salt of hederagenin. The latter was obtained by 
liberation with acid and recrystallization from alcohol. The re¬ 
sulting substance agreed in all properties with hederagenin. 

4.050 mg. substance: 3.800 mg. HjO, 11.358 mg. CO 2 . 

C,iH 6 o 04 . Calculated. C 76.48, H 10.36. 

Found. 76.49, 10.50. 

The ether extract of the above potassium salt yielded 60 mg. of 
residue which after recrystallization was shown to be unchanged 
starting material. 

Saponification of Hedraganic Methyl Ester .—A solution of 0.1 gm. 
of the methyl ester in 10 cc. of 10 per cent alcoholic KOH was 
heated at 120-130° for 3 hours. The solution was then diluted 
with 3 volumes of water and the precipitate was collected with 
water. The dried precipitate wcr> extracted with dry ether. The 
insoluble residue of potassium salt was suspended in ether and 
shaken with dilute HCl. When complete solution had occurred 
due to the liberation of the free acid, the ether solution was washed 
repeatedly with water and then concentrated. The residue was 
recrystallized from acetone by the addition of water. Hedraganic 
acid formed needles which melted at 242-243 . 

2 540 mg. substance: 2.440 mg. H 2 O, 7.637 mg. CO 2 . 

C,oH 4802. Calculated. C 81.75, H 10.99. 

Found. 82.00, “ 10.72. 

The above ether extract of the potassium salt on evaporation 
gave a neutral residue which was recrystallized from acetone. 
This fraction was identified by melting point and mixed melting 
point as starting material. 




(Reprinted from The Journal op Biological Chemistry, September, 1930 , 
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TIGOGENIN, A DIGITALIS SAPOGENIN 

By WALTER A. JACOBS and ELMER E. FLECK 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, July 1,1930) 

Digitonin and in smaller amount gitonin are the principal sapon- 
ins of digitalis seeds. In recent work Windaus ( 1 ) and coworkers 
have made observations which indicate that still other saponins 
must be present. Although the latter were not isolated as such 
their presence was detected by the isolation of characteristic 
degradation products. When the pure sapogenins, digitogenin or 
gitogenin, were oxidized with chromic acid only acid substances, 
digitogenic acid and gitogenic acid were obtained respectively, 
with no neutral by-products. If, however, a digitogenin was used 
which had been obtained from crude digitonin, then an appre¬ 
ciable amount of neutral fraction was secured. Most of this con¬ 
sisted of a diketone, CjJLsOi, which was presumably an oxidation 
product of a dihydroxy compound, C2«H4204, an isomer of gitogenin 
and in which the hydroxyl groups are not vicinal as in gitogenin. 
In still much smaller amount a neutral monoketone was obtained 
which was apparently an oxidation product of the secondary 
alcoholic group of still another sapogenin, C2tH4208, and therefore 
isomeric with sarsapogenin. The sapogenins themselves were not 
isolated. 

These conclusions have been substantiated in the case of the 
sapogenin, C2»H420s, by the following observations which we have 
been able to make. In connection with one of our problems we 
have had occasion to prepare gitogenin by the hydrolysis of the 
saponin which we had collected in the course of the preparation 
of the cardiac glucosides from the leaves of Digitalis purpurea. 
Crude gitonin was found to crystallize in characteristic leaflets 
on concentration of the purified 50 per cent alcoholic extract of 
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the leaves. When the crude saponin was hydrolyzed It- 

ing sapogenin was found to melt too low for gitoge m 

analytical figures were consistently high in carbon. n 

found possible to separate the contaminant from gi. ^ 
taking advantage of the greater solubility of the former in petrolic 
ether. By this means gitogenin was readily obtained in pure 
form. The more soluble substance was also readily purified and 
on analysis proved to possess the formula C 28 H 42 O 8 . Thi. sub 
stance, which may be conveniently called tigogenin, proved t 
be a secondary alcohol yielding on oxidation a ketone which is 
probably identical with the ketone, C 26 H 40 OS, of Windaus and 
Willerding. Tigogenone yielded a monooxime. Tigogenin gave 
a monoacetate and a monobenzoate. As in the case of digitogenin 
and gitogenin, the remaining two oxygens cannot be characterized 
directly and appear to be of oxidic character. 

A comparison of sarsapogenin from the saponin of sarsaparilla 
root as well as its ketone sarsapogenone with tigogenin and its 
derivatives has shown that these sapogenins are isomeric. The 
substances which resulted by the reduction of the ketones accord¬ 
ing to the method of Clemmensen also proved to be different. 

EXPERIMENTAL 

Tigogenin.—2 kilos of Digitalis purpurea leaves, after prelimi¬ 
nary extraction with water, were extracted twice with 6 liters of 50 
per cent alcohol. The alcoholic extracts were precipitated with 
basic lead acetate, and the filtrate was freed from the excess of 
lead by careful addition of ammonium sulfate. The filtrate from 
PbS 04 was concentrated under diminished pressure to remove the 
alcohol. The shining platelets which separated were collected 
with water. This product, which contained considerable colored 
impurity, was dissolved in a mixture of 500 cc. of 50 per cent 
alcohol and 50 cc. of HCl (1.19). The solution was refluxed for 3 
hours and on cooling a dark green product was obtained. This 
was collected with water and then dissolved in 100 cc. of alcohol 
and 15 cc. of concentrated HCl and the solution was again heated 
for 3 hours. The crystals which separated on dilution with water 
were repeatedly recrystallized from a small volume of alcohol until 
the product was freed from colored impurities. This procedure 
yielded 1.3 gm of a mixture of tigogenin and gitogenin which 
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melted between 240 and 250®. An additional amount of this 
mixture of genins was obtained by extraction of the lead sulfate 
precipitate with 50 per cent alcohol and working up this extract in 
a manner similar to that outlined above. 

A chloroform solution saturated with this mixture at room tem¬ 
perature was precipitated by the addition of 2 volumes of petrol 
ether (b.p. 40-60®). This precipitate consisted of gitogenin which 
^ IS still slightly contaminated since it melted at 260-262®. 

4.800mg. substance: 4.280mg.HsO, 13.100mg. CO 2 . 

CttUitOi. Calculated. C 74.58, H 10.12. 

Found. 74.43, ‘‘ 9.98. 

The mother liquor was evaporated to dryness and the process 
was repeated until no more gitogenin could be obtained. The final 
residue was recrystallized several times from acetone from which it 
separated in the form of prisms which melted at 203-204®. About 
30 to 40 per cent of the mixture of genins was found to be tigogenin. 

Tigogenin is soluble in all of the ordinary solvents. It proved to 
be more soluble in acetone, ether, li^Toin (b. p. 80-90®), and petrol 
ether (b.p. 40-60®) than is gitogenin. This difference in solubility 
is most marked in the case of petrol ether (b.p. 40-60°). 

The cholesterol test gave a light yellow color which turned to a 
reddish brown when the solution was warmed. 

[a]” » —49 (c = 1.023 in pyridine). 

For analysis the substance was dried at 100® and 30 mm. 

4.856 mg. substance: 4.632 mg. H 2 O, 13.847 mg. CO 2 . 

4.907 : 4.705 “ 13.950 “ “ 

C2«H420|. Calculated. C 77.55, H 10.52. 

Found, (a) ‘‘ 77.77, ‘‘ 10.67. 

(6) ‘‘ 77.53, “ 10.72. 

The molecular weight determination was made according to the 
method of Rast. 

30.547 mg. camphor: 3.118 mg. anhydrous substance, A » 11.75. Mol. 
wt. calculated, 402.3; found, 382. 

Tigogenin Acetate, —A solution of 0.2 gm. of tigogenin and an 
equal amount of fused sodium acetate in acetic anhydride was 
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refluxed for 6 hours. After dilution with water te 

separated in the form of shining plates. After recr 'n 

from alcohol it melted at 200-202°. 

[al“ " —67 (c — 1.023 in pyridine). 

4.365 mg. substance: 3.012 mg. HiO, 12.110 mg. COi. 

4.880 “ “ : 4.460 “ “ 13.570 “ “ 

C„H 4404 . Calculated. C 76.62, H 9.97. 

Found, (o) “ 75.67, “ 10.03. 

(b) “ 75.83, “ 10.20. 

Tigogenin Benzoate, —A benzene solution of 0.1 gm. of tigogenin 
was refluxed for 2 hours with an excess of benzoyl chloride and 
pyridine. After concentrating the washed benzene solution, the 
residue was recrystallized from acetone. The benzoate separated 
in the form of plates which melted at 224-225°. 

[a]” •• — 37 (c “ 1.027 in pyridine). 

3.965 mg. substance: 3.360 mg. H 2 O, 11.410 mg. CO>. 

3.367 “ “ : 2.860 » “ 9.690 “ “ 

CMH 4 .O 4 . Calculated. C 78.21, H 9.16. 

Found, (o) “ 78.48, “ 9.48. 

(5) “ 78.49, “ 9.53. 

Tigogenone. —An acetic acid solution of 0.1 gm. of CrO| was 
added to a solution of 0.3 gm. of tigogenin in 10 cc. of acetic acid 
and the reaction mixture was heated on a steam bath for i hour. 
The solution was then diluted with 2 volumes of water and the 
product extracted with ether. The washed ether solution was 
evaporated to dryness and the residue was recrystallized from 
acetone. The substance separated in the form of plates which 
melted at 206-207° (204-205° according to Windaus (1)); 

[o]“ — —35 (c = 1.000 in pyridine). 

4.810 mg. substance: 4.315 mg. HsO, 13.785 mg. COi. 

6.447 “ “ : 4.960 “ “ 15.620 “ “ 

Cj 4 H 4 oOi. Calculated. C 77.94, H 10.07. 

Found, (o) “ 78.15, " 10.04. 

(6) “ 78.22, “ 10.19. 

Tigogenone Oxime. —A solution of 0.1 gm. of tigogenone in 
absolute alcohol was refluxed with an excess of hydroxylamine 
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hydrochloride and sodium acetate for 3 hours. The alcohol Tfafl 
then removed and the residue was recrystallized from acetone. 
The oxime separated in the form of needles which melted at 256- 
258* with decomposition. 

3.973 mg. substance: 3.695 mg. H,0,10.992 mg. CO*. 

4.212 “ « : 3.866 “ “ 11.655 " " 

5.000 “ “ : 0.142 cc. N (28°, 759 mm.) 

Cs,H 4 iO,N. Calculated. C 75.13, H 9.95, N 3.37. 

Found, (a) “ 75.46, “ 10.12. 

(5) “ 75.47, “ 10.24. 

(c) N 3.22. 

Reduction of Tigogenone by Clemmensen’s Method .—A solution 
of 0.1 gm. of tigogenone in 10 cc. of acetic acid was refluxed with 
4 gm. of amalgamated zinc and 2 cc. of HCl (1.19) for ^ hour. The 
solution was diluted with 3 volumes of water and extracted with 
ether. The residue from this extract was crystallized from ace¬ 
tone. The product was recrystallizcd from methyl alcohol from 
which it separated as leaflets which melted at 265-267*. The yield 
was very poor. 


4.050 mg. substance: 4.095 mg. H 2 O, 12.065 mg. COj. 

1.283 “ “ : 1.252 “ 3.780 ‘‘ 

C2«H4202. Calculated. C 80.76, H 10.96. 

Found, (a) ‘‘ 81.24, “ 11.30. 

( 6 ) “ 80.35, 10.92. 

Sarsapogenone, —0.3 gm. of sarsapogenin, which had been pre¬ 
pared (2) from commercial Honduras sarsaparilla root, was dis¬ 
solved in 10 cc. of acetic acid. This was oxidized according to the 
procedure used in the case of tigogenin. The product was finally 
recrystallized from acetone from which it separated in the form of 
shining plates which melted at 220-222°. 

[aj" ai -46 (c = 1.027 in pyridine). 

4.334 mg. substance: 4.020 mg, H 2 O, 12.438 mg. CO 2 . 

3.956 ** ** : 3.670 “ 11.345 ‘‘ 

C 20 H 40 O 1 . Calculated. C 77.94, H 10.07. 

Found, (a) “ 78.27, “ 10.38. 

( 6 ) “ 78.20, “ 10.37. 
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Sarsapogenone Oxime .—The oxime was prepared as 
of tigogenone. The product was recrystallized from a 
which it separated in the form of plates which melted 

3.967 mg. substance: 3.590 mg. HA 10.992 mg. CO,. 

4.716 “ “ : 4.260 “ “ 13.065 “ “ 

6.410 ‘‘ “ : 0.155 cc. N (27®, 759.5 mm.). 

C».H 4 iO,N. Calculated. C 75.13, H 9.95, N 3.37. 
Found, (a) 75.55, 10.12. 

(6) ‘‘ 75.56, 10.11. 

(c) N 3.26. 
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STROPHANTHIN 

XVIII. Allocymarin and Allostrophanthidin. An Enzy¬ 
matic Isomerization of Cymarin and 
Strophanthidin 

By WALTER A. JACOBS 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, July 1, 1930) 

In a previous communication (1), the strophanthin which occurs 
in the seeds of Strophanthus kombe has been shown to be a mixture 
of glucosidcs of the aglucone strophanthidin. In all of these 
glucosides, strophanthidin is combined directly with cymarose, a 
methyl ether a-desoxy sugar, as cymarin. This glucoside was 
found to occur as such in small amount in the mixture but the 
major portion of the active glucoside was shown to consist of a 
further combination of cymarin with 1 or more molecules of 
glucose. By the action upon this mixture of an enzyme which 
was extracted from strophanthus seeds, it was found possible to 
hydrolyze all of the glucose linkages without affecting the union 
between cymarose and strophanthidin, with the result that the 
complex mixture of glucosides could be converted completely into 
cymarin. More recently we have attempted to make use of this fact 
in the course of the isolation from the seeds of the strophanthidin 
used in our structural studies. It was hoped that by passing 
through the stage of cymarin it would be possible to accumulate 
sufficient of the rare sugar, cymarose, for certain future studies. 
Instead, however, of employing the method already published, 
which consisted of the preliminary isolation of the crude, 
amorphous strophanthin mixture and digesting it with a crude 
enzyme which had also been isolated, a simplification of the proc¬ 
ess was attempted as follows: The ground and defatted seeds 
were mixed to a paste with water and after the addition of toluene 
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the mixture was allowed to stand with the hope that the enzyme 
already present in the seeds would act directly upon the accom¬ 
panying glucosides. In an examination of the resulting material, 
observations of a surprizing nature were made. Although the 
desired enzymatic cleavage of glucose from the complex strophan- 
thins with the production of a simpler glucoside was found to 
occur, an additional apparently enzymatic transformation was 
noted, which we believe to be quite unique in character. The 
extent of this transformation depended upon the duration of the 
enzyme action. Following the usual procedure, the dilute alco¬ 
holic extract of the self-digested seeds after purification with lead 
acetate and concentration yielded a crystalline substance which 
proved to be not the expected cymarin. Contrary to cymarin, 
the new substance was sparingly soluble in chloroform and very 
soluble in methyl alcohol from which cymarin crystallizes so 
readily as a methylate. From the analytical results the formula 
C 80 H 44 O 9 was derived, so that the new glucoside is isomeric with 
cymarin. This conclusion was substantiated by the investigation 
of its hydrolytic products. 

The isomerization of cymarin to this substance was found to 
have occurred in the aglucone portion of the molecule. On hydrol¬ 
ysis the same sugar was obtained which is contained in cymarin, 
namely cymarose ( 2 ). Instead of strophanthidin, however, an¬ 
other substance was obtained, the isomeric character of which was 
confirmed by the analysis leading to the formula C 23 H 32 O 6 . Con¬ 
trary to strophanthidin, it was readily obtained from solution in 
anhydrous form which melted at 248°. We have adopted the 
designation allostrophanthidin for this substance and for the parent 
glucoside that of allocymarin. 

Investigation of allostrophanthidin has shown that the oxygen 
atoms contained in it have retained the functions possessed by 
those of strophanthidin. Allostrophanthidin still yields an oxime. 
On heating with alcoholic hydrogen chloride it behaves like stro¬ 
phanthidin (3) and is converted into the ethyl half acetal of oxido- 
dianhydroallostrophanthidin, which is isomeric with the analogous 
derivative of strophanthidin. From these facts the aldehyde 
group is retained in this substance as well as the two tertiary hy¬ 
droxyl groups which are removed as water to form the dianhydro 
derivative, and finally the secondary hydroxyl which participates in 
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the oxidic linkage in the above half acetal. As in strophanthidin, 
the remaining 2 oxygen atoms belong to the lactone group. Allo- 
strophanthidin still gives the nitroprusside reaction characteristic 
of the A^»'y-unsaturated lactones. In agreement with this, 
dihydroallostrophanthidin was obtained on hydrogenation. The 
attempt was made to prepare the usual iso derivative with methyl 
alcoholic alkali. A number of different procedures were tried and 
although a reaction was found to occur in each case no tangible 
crystalline substance could be isolated and the major reaction 
product proved to be always of amorphous acid character. 

Since the transformation of strophanthidin into the new isomer 
has not involved a change of function of the characteristic groups 
of the former, this isomerization appears to be of purely stereo¬ 
chemical character. The above failure to obtain an isoallostro- 
phanthidin with methyl alcoholic alkali suggests that a cis-trans 
reallocation has occurred of the groups participating in this reaction 
or of groups which may influence the reactivity of such participat¬ 
ing groups. It was hoped that such an explanation might be 
checked by passing to trianhydroallostrophanthidin which might 
prove identical with trianhydrostiophanthidin, a benzenoid deriva¬ 
tive, For this purpose, the ethylal of dianhydroallostrophanthidin 
was treated with concentrated hydrochloric acid. Instead, how¬ 
ever, of the formation of the trianhydro derivative such as is pro¬ 
duced in the case of strophanthidin, a chloro derivative was ob¬ 
tained. Since difficulty was experienced in obtaining the expected 
analytical figures with this substance it was not further investi¬ 
gated. For the present the exact relationship of allostrophanthi- 
din to the parent strophanthidin remains undetermined. 

The above transformation is apparently of enzymatic character. 
If the paste of kombe seeds was first heated to destroy the enzymes 
and was then allowed to stand, on working up the mixture only 
strophanthidin could be obtained on hydrolysis of the crude gluco- 
sides. In a former communication a crude enzyme, ''strophantho- 
biase,'’ was described (1), which had been employed for the 
cleavage of all of the glucosides into cymarin. At that time only 
cpnarin was noted and no suspicion was obtained of the formation 
of any such substance as allocymarin. More recent experiments 
have confirmed these results. When a crude enzyme was prepared 
from kombe seeds in the usual manner and was precipitated by 
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alcohol or acetone, such an enzyme when allowed to act ^ ..g 

time on the crude glucoside mixture caused cleavage to cymarin 
only and no appreciable formation of allocymarin was noted. 
Either the effective isomerizing enzyme is not extracted bv the 
method employed or it is very labile and easily inactivated by .*ce- 
tone or alcohol. Although it is probable that a proper procedure 
may be found for the separation of such an enzyme from the seeds, 
we have not for the present made further attempts in this direction. 
If the above conclusion is correct that we are dealing with a stereo¬ 
chemical rearrangement produced by an enzyme, the observation 
is of considerable interest. The only previous reference which we 
have been able to find concerning a stereochemical enzymatic 
transformation is the so called ^Waldenase^^ of Frankel (4). To 
such an enzyme this worker has referred the transformation of the 
usual Z-tyrosine formed on tryptic digestion of casein to d-tyrosine 
through d-tyrosine anhydride on the prolonged action of trypsin. 

Before the above work was begun we had accumulated in the 
course of the preparation of strophanthidin the cymarin which oc¬ 
curs as such in Sirophanthus kombe seeds. This was secured as pre¬ 
viously described by the extraction with chloroform of the purified 
alcohol-free solution of the crude glucosidcs and precipitation of 
this chlorofonn solution of crude cymarin with ligroin. Cymarin 
was then obtained as the methylate by recrystallization from 
methyl alcohol. In the final methyl alcoholic mother liquors con¬ 
siderable material remained and the attempt was made to repeat 
the chloroform extraction of this material for purification. A rela¬ 
tively small portion of a crystalline substance appeared at this 
point, which was very sparingly soluble in chloroform. After our 
experience with allocymarin we turned again to an investigation 
of this substance and found it to be identical with allocymarin. 
The latter, therefore, occurs as such in very small amounts in the 
seeds, a fact which is not at all strange ifa view of the artificial 
transformation described above. A small amount of such a trans¬ 
formation can quite conceivably occur in the seeds themselves. 

An investigation of the pharmacological action of the new gluco¬ 
side has also led to a surprizing result. It has been found to be 
practically devoid of the characteristic digitalis action in amounts 
which could be satisfactorily injected into frogs. The latter were 
found to tolerate as much as 2 mg. in a 35 gm. frog. Unfortunately 
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t e sparing solubility of the substance made it difficult to reach the 
toxic limit of the substance. 4 mg. of the substance in suspension 
in dilute alcohol failed to kill a 25 gm. frog. For such an animal 
0.015 mg. of cymarin sufficed. If the chemical difference be- 
ween cymarin and allocymarin is merely stereochemical, this 
lifiference in pharmacological action is of considerable interest. 

Finally, in hydrogenation experiments with allostrophanthidin 
with the platinum oxide catalyst of Adams and Shriner, it was 
found that the reaction may be carried beyond the 1 mol stage 
which gives rise to the dihydro derivative described above. A 
second mol of hydrogen is more slowly absorbed with the formation 
of a neutral substance, dihydroallostrophanihidoL The second 
reaction was found to consist in the reduction of the aldehyde 
group to the primary alcoholic group. Since in our former exper¬ 
ience with the catalytic hydrogenation of strophanthidin itself 
the platinum oxide catalyst had not been employed and such a 
reaction had not been noted, we have investigated the behavior of 
strophanthidin towards this reagent. 1 mol of hydrogen was fairly 
readily absorbed but apparently more slowly than in the case of 
allostrophanthidin and under very careful conditions it was found 
possible to introduce an additional mol of hydrogen with the forma¬ 
tion of the dihydro alcohol, dihydrostrophanthidol. 

EXPERIMENTAL 

1500 gm. of Strophanthus kombe seeds which gave uniformly the 
green color with 80 per cent sulfuric acid were coarsely ground in a 
meat grinder and were defatted with gasoline. The dried powder 
was mixed with 3500 cc. of water and 100 cc. of toluene and the 
mixture was allowed to stand at 25° for 13 days. The mass was 
then treated with 12 liters of 95 per cent alcohol. After standing 
24 hours the mixture was filtered. The filtrate was cleared as usual 
with lead acetate solution and the excess lead was removed with 
H 2 S. During the concentration under diminished pressure in 
order to remove the alcohol, a copious crystallization occurred. At 
this point it was found advisable to centrifuge the precipitate and 
continue the concentration of the mother liquor until the alcohol 
was completely removed. The remaining aqueous solution was 
recombined with the crystalline fraction and the mixture was 
shaken with 200 cc. of chloroform to dissolve any cymarin which 
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had escaped transformation. After centrifuging in order to sepa¬ 
rate the chloroform layer, the extraction with fresh chloroform 
was repeated. From the combined chloroform extracts, after 
shaking out with dilute sodium carbonate solution, concentration 
and precipitation with petrolic ether, 17 gm. of crude cymarin were 
recovered. This readily crystallized from methyl alcohol. 

Allocymarin ,—The above crystalline residue undissolved by the 
chloroform was collected by suction. After recrystallization from 
95 per cent alcohol the glucoside formed globules of minute crystals 
which after collecting with alcohol and drying weighed 33 gm. 
When recrystallized by careful dilution of the hot alcoholic solution 
it formed long, narrow, thin leaflets which softened above 145® 
and slowly effervesced at about 150°. 

Alloc3rmarin is easily soluble in methyl alcohol and acetone, is 
less readily soluble in ethyl alcohol and practically insoluble in 
water. Contrary to the extremely bitter cymarin, it is practically 
tasteless. 

[a]" “ +43 (c = 1.007 in methyl alcohol). 

For analysis the substance was dried at 100° and 15 mm. 

4.523 mg. air-dry substance; 0.205 mg. HjO. 

CioH«0,-2HsO. Calculated. HjO 6.16. Found. 11,0 5.85. 

4.258 mg. substance: 3.140 mg. H,0, 10.210 mg. CO,. 

5.690 “ “ : 2.125 “ Agl. 

C„H« 40 ,. Calculated. C 65.66, H 8.09, OCH, 5.65. 

Found. “ 65.39, “ 8.25, “ 4.93. 

Allocymarin was obtained also by direct alcoholic extraction of 
the seeds without previous digestion. This was found in the 
mother liquors which had accumulated from the recrystallization 
from methyl alcohol of the cymarin fraction of the crude glucoside 
mixture. From about 200 pounds of such seeds about 15 gm. of 
allocymarin were obtained. It separated from 95 per cent alcohol 
in characteristic narrow, thin platelets which melted with slow 
effervescence at 150° after preliminary softening and agreed in all 
properties with the allocymarin prepared by digestion of the seeds. 

[a]" “ +42 (c 0.970 in methyl alcohol). 
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The identity was confirmed by hydrolysis to allostrophanthidin 
and cymarose. 

5.098 mg. air-dry substance: 0.323 mg. H,0. 

- Calculated. HaO 6.16. Found. HaO 6.33. 

4.775 mg. substance: 3.520 mg. HjO, 11.492 mg. COa. 

CioH440a. Calculated. C 65.66, H 8.09. 

Found. 65.63, ** 8.25. 

^ he following experiment was made in order to obtain more con¬ 
clusive evidence of the enzymatic origin of the transformation of 
the strophanthin glucosides into allocymarin. 

500 gm. of kombe seeds after grinding and defatting yielded 350 
gm. of dry powder. Separate portions of this material were 
treated differently as follows: 

150 gm. of the seed powder were extracted three times with 700 
cc. portions of 70 per cent alcohol. The combined extract was 
purified in the usual way with lead acetate and after removal of 
excess lead with H 2 S the alcohol was removed under diminished 
pressure. The concentrated aqueous solution was cautiously 
acidified with IICl until slightly acid to Congo red paper. The 
mixture was then hydrolyzed at 70°. Characteristic rhombs and 
compact prisms of strophanthidin separated. After filtration a 
second crop was obtained from the filtrate by the addition of am¬ 
monium sulfate. After recrystallization each of these fractions 
melted at 170° and exhibited all of the properties of strophanthidin. 
The combined weight was 4.9 gm, 

150 gm. of the seed powder were mixed with 450 cc. of water and 
50 cc. of toluene and after digesting at 25° for 11 days the mixture 
was treated with 1400 cc. of alcohol. The alcoholic extract was 
worked up in the usual manner. In this case on concentration of 
the purified extract the glucosidc crystallized as described above. 
The acidified aqueous suspension was heated at 70°. The spar¬ 
ingly soluble glucoside slowly dissolved and was soon replaced 
by long prisms and tables of allostrophanthidin. After recry¬ 
stallization from alcohol 4.2 gm. of crystals melting at 247° 
were obtained. A second fraction which was recovered from the 
aqueous mother liquor of the first fraction by salting out with 
ammonium sulfate gave after recrystallization 1.6 gm. which 
melted at 240°. 
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A parallel experiment was conducted after destruction of 
enzymes as follows: 50 gm. of the seed powder were treated with 
170 cc. of boiling water and the mixture was kept above 90® for 10 
minutes. After cooling, 30 cc. of toluene were added and the mix¬ 
ture was kept alongside of the above experiment at 25® for 11 days. 
On hydrolysis of the resulting glucoside mixture only strophanthi¬ 
din was obtained. 


Hydrolysis of Allocymarin 

Allostrophanthidin,—5 gm. of allocymarin were treated with a 
mixture of 35 cc. of alcohol, 25 cc. of H 2 O, and 12 cc. of HCl (1.19). 
The resulting suspension was shaken at 20-25® for 24 hours. This 
time was required for solution and hydrolysis of the sparingly 
soluble glucoside. After dilution allostrophanthidin separated 
very incompletely. On partial concentration of the mother liquor 
to remove the alcohol most of the dissolved aglucone was recovered, 
although a small portion still remained in the aqueous sugar solu¬ 
tion. This was recovered in the process of isolating the sugar as 
given below. 

On recrystallization from 95 per cent alcohol allostrophanthidin 
separates as rather sparingly soluble prisms or plates which are 
anhydrous and melt at 248-250®, with slow effervescence. This 
melting point was found with the freshly recrystallized substance. 
In some cases after months of standing in the dry state the melting 
point was found to increase, and in one case 274® was noted. The 
substance is practically tasteless. It is sparingly soluble in the 
usual neutral solvents. It is more readily soluble in the somewhat 
diluted water-miscible solvents. It gives the characteristic nitro- 
prusside test. The brown color which develops in sulfuric acid is 
indistinguishable from that produced by strophanthidin. 

[a]” « + 37 (c *» 0.508 in 95 per cent alcohol). 

3.815 mg. substance: 2.815 mg. H 2 O, 9.577 mg. CO 2 . 

C28H,20.. Calculated. C 68.27, H 7.98. 

Found. ** 68.45, 8.25. 

Cymarose ,—The above aqueous filtrate from allostrophanthidin 
was treated with excess silver carbonate. The filtrate from silver 
chloride was treated with H 2 S and then concentrated to small bulk 
under diminished pressure. A small additional deposition of the 
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aglucone occurred during this process. The filtrate was then con¬ 
centrated to dryness. The residue was extracted with dry ether 
and the extract was allowed to stand over fused Na 2 S 04 for several 
days. On being treated with petrolic ether, the concentrated 
ether solution gradually crystallized, when seeded with cymarose, 
as delicate needles. After recrystallization and long drying in a 
desiccator over CaCh the sugar melted at 93°. This melting point, 
however, was obtained only with carefully dried material. When 
first collected or on exposure to the air small amounts of solvent or 
moisture which cling to the substance easily depress its melting 
point. 

The sugar exhibited only slight mutarotation in aqueous solu¬ 
tion. For the final reading 

[al” = -f 52 (c = 2.01 in H^O). 

3.610 mg. substance: 2.840 mg. II 2 O, 6.880 mg. CO 2 . 

CtHkO.. Calculated. C 51.81, H 8.70. 

Found. “ 61.98, “ 8.80. 

Allostrophanthidin Oxime .—This was prepared in the usual 
manner from the aglucone and hydroxylamine in alcoholic solution. 
It fonned small four-sided tables and prisms from alcohol which 
effervesced at 235° after preliminary softening. For the analysis 
it was found necessary to dry the substance in the micro dryer at 
120°. 

4.536 mg. substance: 3.285 mg. H 2 O, 10.925 mg. CO 2 . 

5.100 “ “ : 0.158 cc. N (772.6 mm., 28°). 

CjiH.iO.N. Calculated. C 65.83, H 7.93, N 3.34. 

Found. “ 65.69, “ 8.09. 

« N 3.57. 

Dihydroallostrophanlhidin .—Allostrophanthidin was hydrogen¬ 
ated in alcoholic solution with the platinum oxide catalyst of 
Adams and Shriner. Within 20 minutes approximately the equiv¬ 
alent of 1 mol of Hj was absorbed and the operation was inter¬ 
rupted at this point. The dihydro derivative crystallized from 
dilute alcohol as long, narrow platelets which softened at 150° as 
if giving off solvent and finally melted and effervesced at 230°. 
It is easily soluble in alcohol and acetone and but sparingly so in 
chloroform. It does not give the nitroprusside reaction. 
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For analysis the substance was dried at 100“ and 15 mm. over 
HjSOi. 

4.365 mg. substance: 3.370 mg. HiO, 10.920 mg. COi. 

C]|H| 40 i. Calculated. C 67.99, H 8.44. 

Found. “ 68 . 22 , ' ' 8.64. 

Dihydrodllostrophanthidol. —^When the above hydrogenation was 
carried further, an additional mol of H 2 was absorbed more grad¬ 
ually. The reaction was interrupted after 18 hours. The dihydro 
alcohol separated from its concentrated alcoholic solution as lus¬ 
trous leaflets which melted at 222“ after preliminary softening. 
The substance did not react with hydroxylamine. 

For analysis the substance was dried at 100“ and 15 mm. over 

H,S04. 

4.603 mg. substance: 3.650 mg. H 3 O, 11.465 mg. COi. 

GitHicOt. Calculated. C 67.60, H 8.89. 

Found. “ 67.92, “ 8 . 88 . 

Ethyl Half Acetal of Oxidodianhydroallostrophanthidin. —Allo- 
strophanthidin was refluxed for 30 minutes in 10 parts of 5 per cent 
absolute alcoholic hydrochloric acid. On cooling needles of the 
ethylal separated. 

After recrystallization from alcohol it melted at 191“. 

[a]" ■» — 63 (0 “ 1.01 in chloroform). 

4.280 mg. substance: 3.135 mg. HjO, 11.870 mg. COi. 

4.302 " “ : 2.430 “ Agl. 

C, 4 Hm 04 . Calculated. C 75.71, H 8.14, OC,H. 11.35. 

Found. “ 75.64, “ 8.20. 

“ OCjH, 10.82. 

Dihydrostrophanthidol. —Strophanthidin which had been re¬ 
peatedly recrystallized from glass-distilled alcohol was hydrogen¬ 
ated as described in the case of allostrophanthidin. Within 12 
minutes 1 mol of Hj was absorbed. When interrupted at this 
point dihydrostrophanthidin was obtained. After 18 hours an 
additional equivalent of H 2 was absorbed. The filtrate from the 
catalyst crystallized on concentration and dilution. It formed 
needles and prisms from 95 per cent alcohol which melted slowly at 
160-163“ after preliminary sintering. Its melting point was defi- 
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nitely depressed on mixing with dihydrostrophanthidin and it is 
also less soluble in alcohol than the latter. 

4.640 mg. substance: 3.760 mg. HaO, 11.500 mg. COa. 

Ca«H„0«. Calculated. C 67.60, H 8.89. 

Pound. 67.60, ‘‘ 9.07. 
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Certain abnormalities in the behavior of isogitoxigenin and its 
derivatives as contrasted with that of isodigitoxigenin and other 
‘*iso genins” have repeatedly appeared in our studies with these 
substances and have been discussed in previous reports (1, 2). 
The outstanding differences were the stability of the lactol form of 
isogitoxigeninic acid which results on saponification of isogitoxi¬ 
genin, and the relative stability of the lactone group in isogi- 
toxigenic acid which results fiom the oxidation of this lactol group 
in the former acid. In the work which has led to the conclusion 
that gitoxigenin is hydroxydigitoxigenin (2), it was shown that the 
remaining free hydroxyl group in isogitoxigenic acid can be 
removed to form the anhydro acid. This anhydro acid, in con¬ 
trast with the saturated parent acid, could be easily saponified by 
0.1 N alkali. In addition it was readily hydrogenated with simul¬ 
taneous cleavage of the lactone group to the desoxy acid, digi- 
toxanoldiacid. Since the removal of this hydroxyl group in¬ 
fluenced so greatly the stability of the lactone group, the conclusion 
was reached that this hydroxyl group must be situated on a carbon 
atom either within or adjoining the lactone ring. At the time it 
was assumed that in the oxidic ring of isogitoxigenin the same 
tertiary hydroxyl was involved as that which forms the oxidic ring 
of isodigitoxigenin. More recent observations have shown that 
this last assumption is not true and that different hydroxyl groups 
participate in the cyclization in each of these iso compounds. In 
the case of isodigitoxigenin this has been definitely shown to be 
the tertiary hydroxyl group (3). In isogitoxigenin this group has 
now been found to be the additional hydroxyl by which gitoxigenin 
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differs from digitoxigenin. This was made evident by the fact 
that whereas gitoxigenin forms a dibenzoate (4) and digitoxigenin 
forms a monobenzoate isogitoxigenin on acylation yields only a 
monoacyl derivative, isogitoxigenin benzoate. The additional 
acyl group in gitoxigenin dibenzoate must be situated on the extra 
hydroxyl group which is not present in digitoxigenin and forms the 
oxidic ring of isogitoxigenin. This conclusion was confirmed by 
the study of the oxidation products of these substances. 

The formation of isogitoxigenon on oxidation of isogitoxigenin 
with chromic acid has already been described (5). The production 
of a monoketone is in agreement with the assumed presence of one 
secondary hydroxyl group. This has been noted also in the case 
of digitoxigenin and isodigitoxigenin (6). On reexamining the so 
called gitoxigenon which was briefly described in a previous com¬ 
munication ( 7 ), observations have been made which do not agree 
with its provisional characterization as a monoketone. The 
originally published analytical figures did not agree so well with 
the required formula, C 23 H 32 O 6 , but rather with the alternative 
formula C 23 H 3 oOfi, also presented. Recent work has shown that in 
the formation of this substance two hydroxyl groups have been 
oxidized to carbonyl so that it is a dioxo derivative, C 23 H 30 O 6 . It 
is, therefore, obvious that the extra hydroxyl group of gitoxigenin 
is not tertiary but is either of secondary or primary nature. The 
fact that the above isogitoxigenin forms only a monoketone and 
not a dioxo derivative is in agreement with the acylation results in 
determining the identity of the hydroxyl group involved in the 
oxidic ring of isogitoxigenin. 

A further study of this oxidation product of gitoxigenin has led 
to the surprizing result that it no longer possesses the unsaturated 
lactone group of gitoxigenin. It does not give the mtroprusside 
reaction. Digitoxigenon, which was examined for comparison, was 
found to give the expected color reaction, a result in agreement 
with the fact that it can be isomerized by alkali to isodigitoxi- 
genon ( 6 ). The explanation of the behavior of the dioxo compound 
from gitoxigenin was found in the fact that it is an iso compound. 
The oxidation of the extra hydroxyl group of gitoxigenin to 
carbonyl has induced a simultaneous isomerization of the type 
found in isodigitoxigenin in which the double bond is replaced by 
an oxidic bridge with the remaining tertiary hydroxyl. This was 
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confirmed by the fact that it was not possible to convert the dioxo 
compound into an anhydro derivative by the action of mineral acid. 
As presented further on, such dehydration may be produced in the 
dioxo derivative of dihydrogitoxigenin in which isomerization to an 
iso derivative is no longer possible. The oxidation product of 
gitoxigenin is, therefore, a derivative of a normal isogitoxigenin 
which is isomeric with the isogitoxigenin formed by the alkali 
isomerization of the aglucone. 

Further study of this oxidation product has brought to light an 
additional complication. It is a mixture of two isomers when pre¬ 
pared by the method originally given in which the chromic acid 
solution employed contained sulfuric acid. This was caused by an 
isomerization of the primary product of the reaction under the 
influence of acid. When the oxidation was accomplished in acetic 
acid solution with aqueous chromic acid, the principal product was 
a neutral dioxo derivative which showed a specific rotation of [a] = 
+88. When this substance was allowed to stand with dilute 
mineral acid isomerization occurred with the formation of a sub¬ 
stance possessing a rotation of [a] = +166. 

In view of the direct relationship of these substances to iso- 
digitoxigenon, the first of these isomers has been at least pro¬ 
visionally designated as a-{oxoiHodigitoxigenon) and the latter as 
^-{oxoisodigitoxigenon). When the a compound was gently 
saponified with dilute alkali and then relactonized by gentle 
acidification with acetic acid, isomerization also occurred since 
the substance recovered proved to be the above compound. In 
an attempt to recrystallize the oxidation product from methyl 
alcohol it was found to yield a more sparingly soluble substance of 
higher melting point. This substance proved to contain methoxyl. 
Under the conditions described in the experimental part, either 
isomer was found to yield the same substance which proved to be a 
dimethyl acetal. The methoxyl groups were stable to alkali but 
were readily removed by dilute acid. This at first suggested the 
possibility that the extra carbonyl group is of aldehydic character. 
But a parallel experiment with isogitoxigenon showed that this 
substance also yields a dimethyl acetal with analogous properties. 
This is then a property of the carbonyl group common to both 
substances and which is in turn formed from the secondary alco¬ 
holic group common to both gitoxigenin and digitoxigenin. Such 



260 


DIGITALIS GLUCOSIDES. V 


ready formation of a ketone acetal by simple heating with methyl 
alcohol is unusual, since it is a property usually credited to reactive 
aldehyde groups. 

In the hope of shedding additional light on the mechanism of the 
fonnation and the properties of these isomeric dioxo compounds, 
we have turned to an analogous study of the oxidation of dihydro- 
gitoxigenin where any simultaneous oxidation to the above type of 
iso derivative would be excluded, and in which the tertiary 
hydroxyl group would be retained. By using a chromic acid 
solution without the addition of sulfuric acid, the dihydrogenin 
yielded both a neutral fraction and an acid fraction. The neutral 
product proved to be mostly a dicarbonyl derivative, C 23 H 32 O 6 , 
which possessed a specific rotation of [a] == +89, and which we 
have called a- {oxodihydrodigitoxigenon ). When this substance was 
treated with mineral acid it was readily converted into an anhydro 
derivative, anhydro-P-{oxodihydrodigitoxigenon), There was prob¬ 
ably simultaneous isomerization to the p series. The rotation of 
the latter was found to be [a] = +154. The dehydration appeared 
to keep pace with the apparent isomerization so that it was not 
possible to intercept any intennediate /3 form before such conver¬ 
sion into its anhydro form had occurred. When the above a- 
oxidation product was gently saponified and then relactonized by 
gentle acidification with acetic acid, the substance which crys¬ 
tallized proved to be also an anhydro compound but apparently 
still different from the above anhydro derivative. It appears that 
still another type of isomerization has occurred under the influence 
of alkali. This second anhydro compound was formed also by 
saponification and relactonization of the above anhydro-/?- 
(oxodihydrodigitoxigenon). 

The lability of the tertiary hydroxyl group with consequent 
anhydro formation may be conditioned by a trans-cis rearrange¬ 
ment of the hydrogen atom and hydroxyl group which are removed 
as water. The additional type of isomerization under the influ¬ 
ence of alkali may be due to a further shift of the double bond. 
The loss of water during saponification is apparently caused by 
the influence of the extra carbonyl group. This was indicated by 
our experience with dihydrodigitoxigenin which was run as a con¬ 
trol. This substance was readily converted into dihydrodigi- 
toxigenon. When the latter was saponified and then gently acidi- 
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fied with acetic acid, as in the case of the gitoxigenin derivative, 
a-(oxodihydrodigitoxigenon), dehydration with the formation of 
an anhydro derivative did not occur and dihydrodigitoxigenon was 
recovered. 

Another substance of interest was isolated from the acid fraction 
of the oxidation mixture obtained from dihydrogitoxigenin. This 
crystalline acid proved to be a constant by-product of the action of 
CrOa in the presence or absence of sulfuric acid and under different 
temperature conditions. From the analytical results the formula 
C 23 H 32 O 6 was derived for this substance. Titration showed the 
presence in it of one carboxyl group as well as its molecular size. 
This was confirmed by the analysis of the methyl ester. However, 
on heating even with 4 per cent alkali at 130° it was not possible to 
detect the consumption of the extra equivalent of alkali required 
by the lactone group originally present in the parent substance. 
Repeated experiments on attempted saponification with 0.1 n or 
N alkali gave the same result. On back titration in every case, 
however, it was found that about 10 to 15 per cent of 1 equivalent 
of alkali was nevertheless consumed in addition to that required 
for direct neutralization of the free acid group. A reason for this 
is difficult to picture and we are convinced of the homogeneity of 
this acid oxidation product. Contrary to the neutral dioxo 
derivative, the acid could not be converted into an anhydro acid 
by solution in concentrated hydrochloric acid. The neutral dioxo 
derivative is not an intermediate stage in the formation of this 
acid since the latter was not produced in an attempted reoxidation 
of the former. 

The difficulty of procuring the rare and costly material needed 
in this work has made it necessary for the moment to interrupt 
further investigation of these substances in directions which are 
naturally suggested. The behavior of gitoxigenin and its dihydro 
derivative on oxidation, which has just been presented, has 
definitely shown that the additional hydroxyl is not of tertiary 
character as originally assumed and that it is situated on a carbon 
atom which is most likely 8 to the 7 -carbon atom of the lactone 
group of gitoxigenin. 

We wish to make our grateful acknowledgments to E. Merck, 
Darmstadt and Merck and Company, Incorporated of Rahway 
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for the digitoxin-insoluble by-product which was the principal 
source of the starting materials used in these studies. 

EXPERIMENTAL 

Oxidation of Giioxigenin 

a-Dioxo Derivative (a-{Oxoisodigitoxigenon )).—The procedure 
used for the oxidation with chromic acid differs somewhat from 
that previously given (7). 

A solution of 0.2 gm. of gitoxigenin in a mixture of 4 cc. of acetic 
acid and 1 cc. of water was treated with 1 cc. of 20 per cent aqueous 
CrOa, a decided excess of reagent. After 15 minutes at 25° the 
diluted mixture was extracted with chloroform. The latter after 
washing with water and finally with dilute Na 2 C 08 was dried and 
concentrated. The residue crystallized under acetone and was 
collected with a few drops of acetone followed by acetone-ether 
(1:1). For recrystallization the concentrated acetone solution was 
carefully treated with dry ether. The a compound formed 
rhombic plates and prisms which melted at 200° after preliminary 
softening. When recrystallizcd from acetone alone, in which the 
substance is easily soluble, the melting point was raised to 204°. 
Contrary to gitoxigenin the dioxo derivative no longer gives the 
nitroprusside reaction. 

[a]“ = +88 (c = 0.386 in acetone). 

4.460 mg. substance: 3.095 mg. 1120 , 11.660 mg. CO 3 . 

C 23 H 30 O 6 . Calculated. C 71.46, H 7.83. 

Found. “ 71.30, ‘‘ 7.77. 

An appreciable amount of acid material which resulted during 
the oxidation was recovered from the carbonate extract but proved 
to be amorphous and resisted successful inquiry. 

The a compound is isornerized to the ^ compound on treatment 
with dilute mineral acid or on saponification with NaOH and sub¬ 
sequent reacidification with acetic acid. 

If, as originally published, the CrOs solution contains H2SO4 the 
substance resulting from the oxidation of gitoxigenin proved to be 
principally the ^ compound with smaller amounts of the a-isomer. 
The amount of the latter increased if the oxidation was carried on 
at low temperature and for a shorter time. 
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In one experiment 4 gm. of gitoxigenin were dissolved in 80 cc. of 
acetic acid and 20 cc. of water. The solution was treated with 20 
cc. of Kiliani CrOa solution^ and was allowed to stand at 6® for 7 
minutes. When worked up as given above the product was found 
to be a mixture. The neutral residue from the chloroform extract 
was dissolved in acetone and carefully treated with dry ether. 
The crystalline substance was collected with ether. 2.9gm. were 
obtained. When this was recrystallized by concentration of its 
acetone solution characteristic rhombic platelets of the a compound 
were obtained which after collection weighed 0.6 gm. This pos¬ 
sessed all of the properties of the a derivative. 

The material in the mother liquor proved to be a mixture from 
which on fractional crystallization by careful dilution of the 
acetone solution the i3-isomer was obtained. This was, however, a 
tedious process. The i3-isomer greatly preponderated and was 
more readily obtained if the oxidation was carried on at higher 
temperature and for a longer time as follows: 

0-Dioxo Derivative (l3-{Ozoisodigiioxigenon)), —The above react¬ 
ants were kept at 27® for 1 hour and the resulting mixture was then 
worked up as usual. Careful addition of dry ether to the concen¬ 
trated chloroform solution caused the gradual separation of needles 
which were collected with ether. After recrystallization from 
chloroform-ether the substance contained ether of crystallization 
and melted and slowly frothed up at 127-130®. 

From dilute acetone the substance was obtained in anhydrous 
form and melted with effervescence at 213°. 

[a]“ « +154 (c =* 0.676 in acetone). 

For analysis the substance from chloroform-ether was dried first 
at 85® and finally at 105® and 15 mm. 

4.366 mg. substance: 3.175 mg. H 2 O, 11.400 mg. COj. 

CjiHjoOs. Calculated. C 71.46, H 7.83. 

Found. ** 71.16, ‘‘ 8.13. 

Like the a compound the /3-isomer does not give the nitroprus- 
side reaction. The failure to obtain an anhydro derivative by the 
action of acid under conditions which at once transformed gitoxi- 

1 The solution consisted of 400 gm. of H 2 O, 80 gm. of H 2 SO 4 , and 63 gm. 
of CrOi. 
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genin into the dianhydro derivative supports the interpretation 
that these oxidation products of gitoxigenin are isogitoy’^cnir 
derivatives in which the tertiary hydroxyl is bound in oxidi 
form. When the p compound was dissolved in HCl (1.19) and 
kept at 20® for 15 minutes the resulting solution on dilution gave 
an amorphous precipitate which could not be made to crystallize 
and which represented deep seated alterations. But from the 
clear filtrate a relatively small amount of crystalline material 
slowly deposited. After collection with water it was recrystallized 
by careful dilution of the acetone solution. It melted at 207-208® 
and proved to be starting material. 

[a]” -• 4-166 (c - 0.217 in acetone). 

4.020 mg. substance: 2.850 mg. H 2 O, 10.477 mg. CO 2 . 

Found. C 71.08, H 7.93. 

The compound was also obtained directly from the a form by 
the action of dilute acid as follows: 0.1 gm. of a-(oxoisodigitoxi- 
genon) was dissolved in a mixture of 2 cc. of acetic acid and 0.5 
cc. of H 2 O. The solution was then treated with 0.5 cc. of 25 per 
cent H 2 SO 4 . The change in rotation of the mixture kept at 20® was 
followed. From an initial direct reading in a 1 dm. tube of a = 
4-2.18, after 17 hours the reading had increased to +5.03. The 
reaction was then discontinued and the substance was extracted 
from the diluted mixture with chloroform. After recrystallization 
from dilute acetone it formed prisms which melted with effer¬ 
vescence at 213®. 

[«]“ » +170 (c »0.507 in acetone). 

4.600 mg. substance: 3.210 rag. H 2 O, 12.050 mg. COi. 

Found. C 71.45, H 7.81. 

The a form was converted into the ^-isomer by the action of 
alkali as follows: 0.1 gm. of the a compound dissolved in 2 cc. of 
acetone was treated with 2 cc. of 2 per cent NaOH. After solution 
had occurred the mixture was allowed to stand for 2 hours at 25®. 
After dilution and reacidification with acetic acid it slowly crystal¬ 
lized. The substance was collected with water and because of 
the small amount it was analyzed directly. It melted at 206® 
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and proved to be the jS form since [a]?^ » +166 (c « 0.360 in 
acetone). 

4.533 mg. substance: 3.210 mg. H^O, 11.750 mg. COs. 

Found. C 70.70, H 7.93. 

Dimethyl Acetal of P-(Oxoisodigitoxigenon). —When the attempt 
was made to recrystallize either the a or /3 compounds from methyl 
alcohol, the resulting substance was found to contain methoxyl. 
The addition of methyl alcohol was, however, incomplete and a 
mixture resulted which melted higher than the starting material. 
The acetal was prepared as follows: 0.1 gm. of the P form was 
heated in 10 cc. of anhydrous methyl alcohol in a sealed tube at 
100° for 18 hours. On rubbing, a copious crystallization gradually 
separated. After recrystallization from methyl alcohol in which 
the methylal is sparingly soluble, it formed flat needles and plate¬ 
lets which melted with effervescence at 226-227°. 

4.392 mg. substance: 3.240 mg. H 2 O, 11.200 mg. CO 2 . 

3.595 : 3.855 Agl. 

C 2 «HmO«. Calculated. C 69.40, H 8.39, OCH, 14.34. 

Found. 69.55, ** 8.25, “ 14.15. 

The above reaction was not complete and the material contained 
in the mother liquors was found to be low in methoxyl content. 

After saponification of the acetal and careful reacidification with 
dilute acetic acid, a neutral substance was recovered which proved 
to be starting material. If the action of acid is prolonged, how¬ 
ever, hydrolysis of the acetal group occurs with formation of the 
free ketone, as shown in the following experiment. 

A solution of 0.1 gm. of the acetal in 20 cc. of warm acetone was 
treated with 20 cc. of water containing 1 cc. of acetic acid. The 
clear solution was left at room temperature for a day. On concen¬ 
tration the substance crystallized. After recrystallization from 
dilute acetone it melted with effervescence at 213° and proved to be 
methoxyl-free. 

Dimethyl Acetal of Isogitoxigenon. —Isogitoxigenon (1) was 
heated with 50 parts of dry methyl alcohol at 100® for 20 hours. 
On concentration to small volume the mixture crystallized slowly 
and incompletely at 0®. As it separates from methyl alcohol the 
substance melts at 217® with effervescence. On recrystallization 
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from acetone it forms leaflets which melt at 235®. Contrary to the 
acetal of j3-(oxoisodigitoxigenon) this substance separated in almost 
pure form from the concentrated reaction mixture, leaving in solu¬ 
tion a large proportion of more soluble partially methylated 
material. 

4.208 mg. substance: 3.277 mg. H 2 O, 10.655 mg. CO 2 . 

CaJIssO*. Calculated. C 69.08, H 8.82, OCH, 14.27. 

Found. 69.06, 8.71, 13.58. 

The acetal nature of this substance was shown by its instability 
towards acetic acid. 0.04 gm. was dissolved in 5 cc. of acetone 
and then treated with 5 cc. of 10 per cent acetic acid. The crystals 
of acetal which reprecipitated soon redissolved due to hydrolysis. 
On concentrating to remove acetone, a substance crystallized which 
melted at 280® and was methoxyl-free. It was, therefore, regen¬ 
erated isogitoxigenon. 

Oxidation of Dihydrogitoxigenin 

a-Dioxodihydro Derivative (a- (pxodihydrodigitoxigenon)) .—2.8 
gm. of dihydrogitoxigenin were dissolved in a mixture of 60 cc. of 
acetic acid and 15 cc. of water and then treated with 15 cc. of 20 
per cent aqueous CrOa. Oxidation occurred fairly promptly and 
after 40 minutes at 25-30® the mixture was diluted and extracted 
with chloroform. The chloroform extract was repeatedly washed 
with water to remove acetic acid and then finally with water to 
which just sufficient Na 2 C 03 was added to make it faintly alkaline 
to phcnolphthalein. This process extracted the acid oxidation 
product which will be described below. 

The dried chloroform solution of the neutral fraction on concen¬ 
tration left a resin which crystallized when treated with a small 
amount of acetone in which it is appreciably soluble. After collec¬ 
tion with a small amount of chilled acetone it was recrystallized 
by careful addition of dry ether to the concentrated acetone solu¬ 
tion. It formed platelets and prisms which softened to a paste at 
200® and melted at 220-221®. 

[a]“ — +89 (c *■ 0.347 in acetone). 

3.420 mg. substance: 2.650 mg. H 2 O, 8.885 mg. CO 2 . 

C 2 iH*aOi. Calculated. C 71.08, H 8.31. 

Found. “ 70.86, 8.34. 
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This dioxo compound is isomerized with simultaneous loss of 
water under the influence of mineral acid or alkali to form the 
following anhydro derivatives. 

AnhydrO‘^-{Oxodihydrodigitoxigenon). —0.08 gm. of the above 
dihydrodioxo compound was dissolved in 2 cc. of acetic acid and 
1 cc. of 10 per cent HCl. The rotation was then followed in a 1 
dm. tube and was found to increase from an initial a = +2.00 to 
+3.31 after 22 hours. At this point it was diluted and extracted 
with chloroform. The washed chloroform extract left, on concen¬ 
tration, a resin which readily crystallized under acetone. On 
recrystallization from acetone in which it is quite soluble, it formed 
platelets and needles which melted at 240°. It was obtained in the 
same form also from acetone-ether. 

[a]” — +154 (c = 0.28 in acetone). 

4.165 mg. substance: 3.020 mg. H 2 O, 11.380 mg. CO 2 . 

C28H,o 04. Calculated. C 74.54, II 8.17. 

Found. 74.52, ‘‘ 8.11. 

This substance was saponified by solution in a mixture of equal 
parts of 4 per cent NaOH and acetone and the solution was allowed 
to stand for several hours. After acidification the relactonized 
substance crystallized. On rccrystallization from acetone by 
addition of other it formed needles which melted at 219°. This 
melting point remained the same after several recrystallizations. 
This suggested that a further isomerization of the anhydro com¬ 
pound in addition to the a to transformation occurs under these 
conditions. 

The same isomeric substance was also obtained by the action of 
alkali directly on a-(oxodihydrodigitoxigenon) as follows: 0.1 
gm. of the a-dihydrodioxo compound was treated with a mixture 
of 2 cc. of 2 per cent NaOH and 1 cc. of alcohol. Solution grad¬ 
ually occurred due to saponification of the lactone. After 1 hour 
at 25-30° the mixture was diluted and acidified gently with acetic 
acid. As relactonization occurred, the substance gradually 
crystallized. On recrystallization from acetone-ether it formed 
needles which melted at 220°. 

[a]” — +173 (c « 0.359 in acetone). 

3.957 mg. substance: 2.840 mg. H 2 O, 10.772 mg. CO 2 . 

C 2 |H,o 04 . Calculated. C 74.54, H 8.17. 

Found. 74.25, 8.03. 
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Add, CsjffMOe.—The dilute Na^COs extract of the acid material 
obtained from the above oxidation mixture was concentrated 
under diminished pressure to a small volume. On gentle acidifica¬ 
tion with acetic acid a gum was precipitated. On being rubbed 
and left to stand this was followed by .irystallization of micro 
rhombs and prisms with gradual crystallization of the gum. After 
24 hours this was collected. The yield was 0.6 gm. An additional 
0.3 gm. was obtained by the addition of saturated ammonium 
sulfate to the mother liquor. The acid was dissolved by the addi¬ 
tion of a few drops of water to a suspension in warm acetone. 
After concentration it crystallized as compact prisms which melted 
at 246° with effervescence. The acid is sparingly soluble in dry 
acetone and chloroform and readily soluble in alcohol. 

(«)“ — —74 (o = 0.377 in acetone-water (4:1)). 

For analysis and titration the substance was dried at 100° and 
15 mm. 

Sample a. 4.265 mg. substance: 3.053 mg. H 2 O, 10.645 mg. COi. 

“ b. 4.374 “ “ : 3.105 “ “ 10.965 “ “ 

CuH,jO.. Calculated. C 68.27, H 7.98. 

Found. Sample a. “ 68.07, “ 8.01. 

“ b. “ 68.35, “ 7.94. 

10.830 mg. of substance were treated with 1 cc. of alcohol and 
directly titrated with 0.1 n NaOH against phenolphthalein. 
Found, 0.261 cc. Calculated for 1 equivalent, 0.268 cc. 

12.747 mg. of substance on direct titration required 0.317 cc. 
Calculated for 1 equivalent, 0.315 cc. 3.0 cc. of 0.1 N NaOH were 
then added and after being refluxed for 2 hours the mixture was 
titrated back. Found, 0.052 cc. or only 16.5 per cent of the 
theory for an extra equivalent. 

92.480 mg. of substance were heated in a sealed tube with 1 cc. 
of alcohol and 4.877 cc. of n NaOH at 130° for 5J hours and then 
titrated back. Found, 0.251 cc. Calculated for 1 equivalent, 
0.229 cc. The presence of a lactone group, therefore, could not be 
directly determined. 

In working up the acid fraction of this substance, dilute NagCOj, 
which was definitely alkaline to phenolphthalein, was used and 
therefore a possibility appeared that saponification first occurred 
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and then relactonization after acidification on another carboxyl. 
In order to obviate such a possibility dilute NaHCOs was used to 
extract the acid, the solution never reaching an alkalinity sufficient 
to turn phenolphthalein. The acid obtained in this experiment 
proved to be identical in all respects with the above acid. 

In an attempt to detect the possible retention of the tertiary 
hydroxyl group in this acid, its behavior towards HCl was exam¬ 
ined as follows: 0.1 gm. of the acid was dissolved in 2 cc. of HCl 
(1.19) at 0®. After 15 minutes the solution was diluted, which 
caused the separation of some amorphous material. The filtrate on 
treatment with ammonium sulfate solution deposited a crystalline 
substance which was recrystallized from dilute acetone. It 
melted at 247° and proved to be starting material. 

[«]“ « —75 (c =■ 0.36 in acetone-water (4:1)). 

4.360 mg. substance: 3.250 mg. HjO, 10.870 mg. CO 2 . 

Found. C 68.00, H 8.34. 

With the idea that the neutral a-dioxo compound might be inter¬ 
mediate in the formation of this acid the attempt was made to 
reoxidize the former with CrOa. No acid product was obtained 
and a-(oxodihydrodigitoxigenon) was recovered. 

Methyl Ester of the Acid, C 23 // 32 O 6 .—This was prepared from the 
acid with diazomethane in acetone solution. On recrystallization 
from dilute methyl alcohol it formed platelets which melted at 212 °. 

4.337 mg. substance: 3.230 mg. H 20 , 10.960 mg. CO 2 . 

3.772 ** : 2.140 ‘‘ Agl. 

C24H,40fl. Calculated. C 68.86, H 8.19, OCH, 7.41. 

Found. 68.92, 8.33, 7.49. 

Isogitoxigenin Benzoate ,—Isogitoxigenin was benzoylated in 
pyridine solution with an excess of benzoyl chloride. The mixture 
was allowed to stand about 18 hours and then poured into dilute 
H2SO4. The benzoate readily crystallized from alcohol as needles 
which melted at 248°. 

For analysis the substance was dried at 100° and 15 mm. 

5.088 mg. substance: 3.520 mg. H 2 O, 13.550 mg. CO 2 . 

CioHiiOe. Calculated. C 72.83, H 7.75. 

Found. 72.63, 7.73. 
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Gitoxigenin Dibenzoate ,—Gitoxigenin was benzoylated under 
conditions identical with those used in the case of isogitoxigenin. 
The substance proved to be a dibenzoate as already reported by 
Cloetta (4) and Windaus and Schwarte (4). 

4.867 mg. substance: 3.125 mg. HsO, 13.188 mg. CO 2 . 

C,7H4207. Calculated. C 74.21, H 7.08. 

Found. 73.91, 7.18. 

Dihydrodigitoxigenon ,—Dihydrodigitoxigenin was oxidized in 
80 per cent acetic acid solution with aqueous CrOa. After 15 
minutes at 8® the diluted mixture was extracted with chloroform. 
After the extract was washed with water and dilute carbonate the 
ketone was readily obtained on concentration. It formed needles 
from dilute acetone which melted at 160-162®. 

4.605 mg. substance: 3.750 mg. H 2 O, 12.505 mg. CO 2 . 

C 21 H 24 O 4 . Calculated. C 73.75, H 9.15. 

Found. 74.06, 9.11. 

The acid fraction which was extracted with dilute carbonate was 
negligible in amount. 

The ketone was gently saponified by solution in 2 per cent 
NaOH to which a half volume of alcohol was added. After dilu¬ 
tion and gentle acidification with acetic acid it slowly crystallized. 
This effervesced at 163® and proved to be starting material and 
not an anhydro derivative as in the case of the corresponding 
dihydrogitoxigenin derivative. 

5.260 mg. substance; 4.420 mg. H 2 O, 14.300 mg. CO 2 . 

Found. C 74.14, H 9.39. 
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PROGRESS IN MICRO CINEMATOGRAPHY 

By HEINZ ROSl‘:NBKRGER* 

{From The Rockefeller Institute for Medical Research) 

At the fall meeting in 1927 a paper on Micro Cinematography was 
given in which the usefulness of the motion picture not only for the 
demonstration of microscopic phenomena but also its application in 
medical and biological research work was described. 

The work done in the last two years has been toward improving 
the technic of taking micro cinema records and also toward the im¬ 
provement and the standardization of the necessary equipment. At 
the spring meeting in 1929, a description of the Standard Micro 
Cinematographic Apparatus was given. With this apparatus every 
scientist is able to obtain good results as the handling of the apparatus 
is very much simplified. It is fully automatic and can be left going 
for days without attention excepting the control of focus from time 
to time and more often when higher magnifications are used. 

For accelerated film records, and most of the cell work is acceler¬ 
ated, the frequency, for instance 1, 2, 3, 4, 6, 8, 12, c/c., exjiosures per 
minute can be adjusted on a dial of an electric clock. The length 
of exposure can be adjusted on a screw on the timing device, so also 
can the time be set when the machine should start or stop by the use 
of an additional time clock. 

'Vhc number of adjustments on the standard apparatus is now 
reduced to a minimum and therefore the handling is much simplified, 
leaving the attention of the ojierator mainly on the subject to be 
photographed. When an object, for instance a living cell, is to be 
photographed the following manipulations have to be done: After 
placing the slide under the microscope the object can be viewed 
through the focusing device in very much the same way as by ordi¬ 
nary observation. The rate of exposure is then to be adjusted by 
turning a hand on the dial to the proper number. 4'hen a test strip 
of film can be taken and developed. Under or over exposures can 

* Read before the Society at Washington. 
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be regulated by turning the adjusting screw of the timing device 
either to the left for longer exposure or to the right for shorter exposure. 
For higher frequencies and when using arc light, the sector of the 
revolving shutter has to be adjusted. 

The main direction of our research work during the last two years, 
since the micro film was shown, was toward higher magnifications 
in order that something about the structural details of living tissue 




With Cine Kodak Model A With Filmo Camera 

Micro cinema apparatus for 16 mm. cameras 

cells may be revealed. It was also anticif)atcd to keep cells alive 
and under observation for a longer period of time than was possible 
before. This was accomplished by the development of a special 
culture chamber, which was manufactured with the cooperation of 
Zeiss. 

I want to point out here that the difficulties of micro cinema work 
with high magnifications increase by arithmetical progression. Sup¬ 
pose we are looking at the moon through a telescope. When it is 
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a low powered telescope the moon will move slowly across the field 
of vision, due to the rotation of the earth. With medium powered 
telescopes the moon apparently will move very much faster across the 
field, while with high powered telescopes one can hardly follow the 
motion. 

The same is true with the microscope. The higher the magnifica¬ 
tion, apparently the faster is the speed with which the objects move. 
The faster the speed of the objects, the more frequent exposures 
we have to make. The more exposures we take per minute or second, 
the greater must be the light intensity to give the film the proper 
exposure, but the more injurious is the light to the delicate objects. 
And last but not least, the higher the power of the objective the less 
depth of focus we have in the field and the more difficult it is to keep 
the preparation in focus. I have not yet mentioned the great danger 
of transmitting vibrations from the moving parts of the apparatus or 
from some outside disturbances to the microscope, for naturally vi¬ 
brations also are magnified. 

Magnifications are measured with an object micrometer, in which 
one mm. is divided into 100 parts. This micrometer is photographed 
on the film. 

The magnifications which were mainly used several years ago were 
ranging from 60 to 120 X on the film frame. Last yearns experiments 
were generally made with a magnification of about 600 X on the film 
frame. In several cases, however, a magnification of 1250 X, which 
is about the limit, was used. It should be mentioned here that these 
figures should be multiplied by about 2.5 in order to obtain the magni¬ 
fications with the same optical equipment when one looks through the 
microscope. The highest magnification would then be around 3000 
X. Abbe claimed that the limit of microscopic magnification in white 
light is reached at about 1500 X. 

Another point of consideration, especially when dealing with living 
cells under high magnifications, is the lack of contrast of these deli¬ 
cate structures. Very often these cells cannot be recognized by a 
dayman at all when he looks through the microscope, as their appear¬ 
ance is clear as glass and there is very little difference between the 
cells and the surrounding medium. A vital stain, such as neutral 
red or Janus green, as frequently used in tissue culture work has not 
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been used with high magnifications as these stains seem to have a 
deleterious effect on the cells in combination with the strong light. 
Because of some chemical reactions within the cells or else because of 
the absorption of heat, the cells either do not behave normally or 
else die very rapidly. 

It is possible, however, to increase contrasts photographically. 
It is a well-known fact that various photographic emulsions can 
reproduce an object with greater contrast than actually exists. It 
is possible to photograph, for instance, an article with very slight 
variations of gray, hardly noticeable to the human eye, so that these 
variations become almost black and white in the reproduction. The 
photographic emulsion can detect differences in shade which are 
invisible under normal circumstances. We have employed the 
above-mentioned properties with great advantage in micro cinema 
work in the detection of cell structures which are otherwise invisible. 
Motion picture records have been made, for instance, of white blood 
cells which show clearly that these cells are surrounded by an un¬ 
dulating membrane, much larger in area than the cell itself. Further¬ 
more, records have been taken of fibroblast cells in which the mito¬ 
chondria move about like snakes. The function of these cell bodies 
is not as yet clearly understood. 

A Micro Cinematographic Apparatus for 16 Mm, Motion Picture 

Cameras 

In-order to enable the owner of a 16 mm. motion picture camera 
to make film records of microscopic phenomena a small and inex¬ 
pensive outfit has been designed which has many uses in a scientific 
laboratory, especially where objects have to be photographed without 
going through cumbersome preparations. 

The outfit consists of the following parts: the base plate on which 
the microscope is placed, an adjustable column with two key ways 
and two set screws, a fixed plate with camera opening, a swivel plate, 
a camera holder, a combination focusing and beam centering device, 
and a telescope connecting sleeve. This apparatus adapted for the 
Bell & Howell Filmo and for the Eastman Cine Kodak Model A is 
illustrated in the figure. 

The handling of the apparatus is very simple. The microscope, 
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of any make, can always be used in the ordinary way and is only 
placed on the base plate when film records have to be taken. When 
brought in line with the focusing device once it will always be in 
line thereafter, when metal strips are screwed on the base plate after 
the first adjustment. Then the connecting sleeve is put in place. 
It should hang from the fixed plate into a microscope collar of card¬ 
board or metal without touching it. The object can be viewed through 
the focusing tube in very much the same way as by ordinary mi¬ 
croscopic observation, using coarse or fine adjustment on the mi¬ 
croscope. Then the picture can be taken at once by swinging the 
camera in position over the microscope. The beam of light needs 
only to be adjusted once by looking into the beam centering tube 
and at the same time turning the microscope mirror into the proper 
position so that there is an even distribution of light over the field. 

For general work there is practically no vibration transmitted from 
the camera to the microscope and many pictures have been taken 
even with very high magnifications, being absolutely sharp in focus. 
Sometimes, however, it may become necessary, especially when 
preparations in the “hanging drop’’ are to be taken, to safeguard 
them from the slightest amount of tremor. This is easily done by 
placing the microscope on a separate table and turning the entire 
upper part of the apparatus 180 degrees, so that the focusing tube 
is again in line with the microscope. The focusing and taking of 
films are otherwise done in the same manner as described above. 

Any make of 16 mm. motion picture camera can be used with this 
outfit. 


SYNOPSES OF TWO REELS 
Demonstrating Motion Pictures of Microscopic Objects 

Red 1 ,—Living Cells of the Blood. 

The beating heart of a frog. 

The blood flow through arteries, veins, and capillaries. 

Various types of white blood cells. 

Macrophages from Jensen sarcoma. 

Sudden death of a macrophage. 

Cells of necturus showing thread-like pseudopods. 

Cells of necturusy high magnification, showing membrane. 
Records of cell divisions and phagocytosis. 
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Reel ^.—Cells of Living Tissue. 

Beating fragment of heart tissue from a chick embryo. 

Growing culture of fibroblasts j low power. 

Two single fibroblast cells, high magnification, showing cl ucture. 

Normal mi fibroblast 
Malignant rat fibroblast 

Details of cell structures under very high magnification, nucleus, nucleolus^ 
mitochondria^ etc. 

Rat fibroblast forming new cell branch. 

Culture of nerve fibers. 

Growing end of a single nerve fiber. 

Pigment epithelium, high magnification. 

Cell division of a fibroblast (high power). 

Cell division of a fibroblast (very high power) showing interior of cell. 
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^ Cohen, Alfred E., Crawford, J. Hamilton, and Rosenberger, Heinz: 
^^Cinematography of Skin Capillaries in the Living Human Subject,^^ Proceedings 
of the Society for Experimental Biology atid Medicine, XXH (1924), p. 89. 

2 Rosenberger, Heinz: “Der Kapillarograph,’^ Kinotcchnik, Vn (1925), 
p. 585. 

^ Crawford, J. Hamilton, and Rosenberger, Heinz: ^‘Studies on Human 
Capillaries,^^ The Journal of Clinical Investigation, II (1926), p. 343. 
^Rosenberger, Heinz: ^^Micro Motion Pictures,” Sci. Amer. (March, 1927), 

p. 166. 

® Rosenberger, Heinz: ‘^Micro Cinema in Medical Research,” Trans. Soc, 
Mot Piet Eng., XI (1927), p. 750. 

* Rosenberger, Heinz: '‘Der Kapillarograph,” Mikrokosmos, XXI (1927- 

28), p. 120. 

^Rosenberger, Heinz: “Mikrokinematographie im Dienste Medizinischer 
Forschung,” Kinotechnik, X (1928), p. 329. 

® Rosenberger, Heinz: ^‘Micro Cinematography,” The Journal of Dental 
Research, IX (June, 1929), p. 343. 

® Rosenberger, Heinz: Standard Micro Cinematographic Apparatus,” 

Science, LXIX (1929), p. 672. 

Rosenberger, Heinz: “A Standard Micro Cinematographic Apparatus,” 
Trans. Soc. Mot Piet Eng., XIII (1929), No. 38, p. 461. 

Rosenberger, Heinz: Micro Cinematographic Apparatus for the Owner 

of a 16 mm. Motion Picture Camera,” Science, LXXI (1930), p. 266. 

DISCUSSION 

President Crabtree: Gentlemen, I think we have witnessed one of the 
finest motion photomicrographs ever made. No doubt these researches of the 
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photomicroscopist are going to throw a great deal of light on metabolism and the 
causes of health and disease. 

Mr. Zworykin: Is this rapid motion of particles shown on the film similar to 
the Brownian movement, and is it the result of the bombardment of the larger 
particles by the random motion of the molecules with some oriented components? 

Mr. Rosenberger: It may be that there is a flow of protoplasm inside of the 
cells. Those granules in the film are very large compared with the small ultra- 
microscopic particles, the motion of which is presumably caused by bombardment. 
> have taken a film of ultramicroscopic particles in motion (Brownian movement) 
^f gold and silver colloids which I have here and which I can show if you wish. 
In order to shorten my paper I refrained from showing it. 




[Reprinted from The Journal op General Physiology, September 20, 1930, 
Vol. 14, No. 1, pp. 1-17] 


STUDIES ON PENETRATION OF DYES WITH GLASS 
ELECTRODE 

IV. Penetration of Brilliant Cresyl Blue into Nitella 

FLEXILIS 

By MARIAN IRWIN 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Accepted for publication, June 19, 1930) 

I 

INTRODUCTION 

Although basic dyes play a special r61e in biology, because many of 
them are readily taken up by living cells, the form in which they pene¬ 
trate has never been satisfactorily determined. 

A basic dye is usually obtained in the form of the salt some of which may be 
transformed in aqueous solution to free base (the amount depending on the “ap¬ 
parent” dissociation constant of the dye and the pH value), and in the range of pH 
values generally employed with living cells (approximately between pH 5 and 9.5) 
both forms of dye must be considered. In this range methylene blue, for example, 
exists only as a salt. It is very strongly basic' so that even at pH 9.5 no free base is 
formed. Lauth’s violet, on the other hand, is less basic, with a basic dissociation 
constant' of 1.9 X lO"®. 

Since the nature of the transformation of the dye salt into the free base is still in 
dispute^ the structure of the salt and free base of the dye will not be discussed. 

Furthermore, the dissociation constant of cresyl blue has not been determined 
by such methods as the oxidation-reduction potential or the glass electrode, so that 
the basicity of the dye is not accurately known. 

It is, however, possible to determine approximately the relative ratio of the dye 
in form of free base/salt by shaking the chloroform with the dye solution and de- 


' Clark, W. M., Cohen, B. C., and Gibbs, H. D., Hygienic Laboratory Bulletin, 
1928, No. 151,202-206. 

* Henrich, F., Theories of organic chemistry, translated by John Johnson and 
Dorothy Hahn, London, 1922. 
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Cl 

termining colorimetrically the “apparent” partition coefficient Kp ** “r» where Ci 

is the concentration of free base of the dye in chloroform and Cj the concc ation 
of the total dye (free base in equilibrium with the salt) in the aqueous solution. 
Such a determination was previously made® and it was found that the values of the 
k^p increased with rise in the pH values as if the basic dissociation constant of the 
dye were about But owing to the extreme solubility of the free base in 

chloroform and to the progressive alteration in the color of the dye in the aqueous 
solution from about pH 10 upward, it was not possible to determine the value of the 


true partition coefficient k%t = where C 3 represents the concentration of free 

Ci 

base of the dye in chloroform and Ci the same in the aqueous solution. The pH 
value at which the dye existed almost entirely in form of free base was assumed 
and the value of ku was accordingly calculated. The dissociation constant was 
then calculated on basis of this assumption so that it may prove to be 
different when the determination is made with a more reliable method. But 
the significance of this observation does not lie in the accurate determination of 
the dissociation constant but in the proof that the relative increase in the values 
of hpy showing roughly the relative ratio of free base/saJt, more or less corre¬ 
sponds to the relative increase in the rate of penetration of the dye into Nitella 
as the pH value of the aqueous dye solution is raised. 

It has been suggested that ba^ic dyes penetrate living cells in the form of free 
base^ and not in the form of salt,® but this, despite many attempts, has never been 
really proven. The rate of penetration of a basic dye has been found to increase 
with a rise in the pH value of the external dye solution. This observation might be 
interpreted as showing penetration in the form of free base since the concentration 
of this form of dye increases as the external pH value rises. But it might be held 
to indicate that the dye penetrates as positive ions since with a rise in the external 
pH value an increase of the negative charges in the cell surface might occur which 
might result in greater penetration of the positive dye ions. 


® Irwin, M., Proc. Soc. Exp, Biol, and Med., 1925-26, 23, 251; /. Gen. Physiol.^ 
1925-26, 9, 561. 

® The following authors assume that basic dyes penetrate as free base. Overton, 
E., Jahrh. wissensch. Bot.^ 1900,43, 669. Harvey, E. N., J. Exp. Zool.y 1911,10, 
507. Robertson, T. B., /. Biol. Chem.^ 1908,4,1. McCutcheon, M., and Luck6, 
B., /. Gen. Physiol.^ 1923-24, 6, 501. Irwin, M., /. Gen. Physiol.^ 1925-26, 9, 
561. 

®The following authors account for the penetration of basic dyes through 
combining of dye cations with protoplasmic constituents. Bethe, A., Biochem. 
Z., 1922, 137, 18. Rohde, K., Arch. ges. Physiol, 1920,182, 114. Pohle, E., 
Deutsch. tned. Wochn., 1921, 47, 1464. Collander, R., Jahrh. wissensch. Bol, 
1921, <50, 354. 
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If the dye penetrates as free base and combines^ with the sap to form salt which 
innot readily escape from the vacuole, an increase in the pH value of the sap might 
e expected to decrease the rate of penetration. When the pH value of the sap of 
Niklla was increased by entrance of ammonia, the rate of penetration of cresyl 
blue was decreased^ from which it was concluded^ that the dye penetrated as free 
base. If such a result were indicative of the penetration of the dye as free base 
we should expect that in decreasing® the pH value of the sap an increase in the rate 
of penetration of cresyl blue would take place. But on lowering the pH value 
of the sap, through the entrance of acetic acid, a decrease® in the rate of penetra¬ 
tion was observed, instead of an increase. This decrease may be due to an in¬ 
hibitory effect of the acid on the protoplasm irrespective of the changes in the sap 
since various® other substances produce an inhibiting effect without penetrating 
the vacuole. 

It is therefore desirable to find a satisfactory way of distinguishing between the 
penetration of the free base and that of the dye salt. This can be done by observ¬ 
ing the effect of the dye on the pH value of the sap. The hydrogen electrode can¬ 
not be utilized, owing to the poisoning of the electrode by the dyes and to their 
oxidation-reduction potential, and the glass electrode is therefore employed. 
Since this requires the use of about 0.4 cc. of sap it is necessary to choose large cells 
which yield sap in sufficient amount for analysis. This can easily be collected 
from the vacuoles of cells of Nitdla. Its behavior toward dyes is roughly compar¬ 
able to that of such cells as Paramecium^ Spirogyray Elodeay and Valonia so that by 
studying the mechanism of dye penetration with Nitella we may gain some insight 
into the behavior of other cells as well. 

In the present paper therefore determinations of the pH values of the sap of 
Nitella by the glass electrode^®• are used as a means of studying the form of dye 
penetrating the vacuoles of living cells. 


® E. N. Harvey was the first to suggest that the free base was converted to the 
salt in the sap. See reference under footnote 4. 

^ McCutcheon, M., and Luck6, B., J, Gen, Physiol,, 1923-24,6, 501. 

® Irwin, M., Proc, Soc. Exp, Biol, and Med,, 1926-27, 24, 54; J, Gen, Physiol., 
1926-27,10, 271;1927-28,11, 111. 

® See footnote 8, and also Irwin, M., J. Gen. Physiol., 1926-27,10, 425. 

Through the kindness of Dr. D. A. Macinnes and of Dr. M. Dole a glass 
electrode apparatus was devised with which it was possible to measure a very small 
amount of liquid. Through their cooperation it was possible to determine whether 
this method was applicable to the studies of the penetration of cresyl blue into 
Nitella cells, as mentioned in their article (Macinnes, D. A., and Dole, M., /. Gm, 
Physiol., 1928-29,12, 805). 

Applicability of the glass electrode methods to the measurement of the sap, 
mentioned under footnote 9, was described separately by Irwin, M., Proc. Soc. 
Exp. Biol, and Med., 1929-30, 27, 132. Preliminary report of the present paper 
was published, Proc. Soc. Exp. Biol, and Med., 1929-30, 27, 991, 
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II 

Methods 

Solutions Employed ,—All buffer solutions were made up according to Clarkes'* 
standards and diluted ten times. The pH value of these solutions was checked 
by means of the glass electrode. The dyes were in all cases dissolved in these 
dilute solutions. 

Condition of the Dye Used .—The cresyl blue was purchased as a salt. The 
brilliant cresyl blue (called cresyl blue in the text) was manufactured by Grtibler 
previous to 1914, and appears to contain (in the range of pH values between pH 
5.5 and pH 9.2) chiefly cresyl blue in form of salt or free base. It also contains 
another dye, X, but in the solutions employed the amount is so small in comparison 
to the cresyl blue (free base or salt) that X may be neglected. The difference in 
behavior between the cresyl blue and X is well marked so that it can be readily 
distinguished. Cresyl blue is absorbed as free base by the chloroform and ap¬ 
pears orange. This orange dye can be entirely removed from the chloroform on 
shaking the chloroform with the artificial sap of Nitella (0.1 n KCl at pH 5.5) in 
which it appears blue. On shaking the cresyl blue solution with chloroform, the 
dye is absorbed much more from pH 9.2 than from pH 5.5, showing that the free 
base of cresyl blue is much more soluble in chloroform than the dye salt, and that 
the ratio of free base/salt of cresyl blue increases with the rise in the pH value. 
The dye X, on the other hand, appears pinkish red in chloroform. The amount of 
X absorbed by the chloroform is so much less than that of the free base of cresyl 
blue that it becomes visible only when the experimental condition is favorable 
{i.e.j at a high concentration and low pH value). For example, on shaking 0.07 
per cent cresyl blue solution at pH 5.5 with the chloroform, the dye appears red in 
chloroform. On shaking with artificial sap, the red dye is not removed from the 
chloroform; in fact only a trace of the blue dye appears in the sap, which may very 
well be a trace of the cresyl blue extracted from the chloroform. On shaking 
0.005 per cent cresyl blue solution at pH 9.2 or at pH 5.5, or 0.07 per cent cresyl 
blue solution at pH 9.2, or 0.025 per cent cresyl blue solution at pH 6.8 with chloro¬ 
form, the dye absorbed appears orange in chloroform. But when this chloroform 
Is shaken with the sap, until the orange dye is completely removed from the 
chloroform, the red dye becomes visible in the chloroform, and is not extractable 
by the sap from the chloroform. This red dye is absorbed by the chloroform to 
about the same extent from pH 9.2 or from pH 5.5 cresyl blue solution, but thje 
amount absorbed increases with the rise in the concentration of aqueous cresyl blue 
solution. The amount of X absorbed is so small, however, that the absorption 
causes only a very slight decrease in the concentration of the total dye solution 


Clark, W, M., The determination of hydrogen ions, Baltimore, 3rd edition, 
1928. 
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even when the chloroform is shaken with 0.07 per cent cresyl blue solution at pH 
5.5. These experiments are being continued and their results will be reported in 
later publications. 

Spectrophotometric measurements of these solutions of cresyl blue show that 
they give absorption curves characteristic of cresyl blue. 

The free base of cresyl blue was obtained as follows: 0.005 per cent cresyl blue 
solution at pH 9.2 was shaken with chloroform. The chloroform was then carefully 
freed from the aqueous solution and immediately placed in a pyrex glass vial and 
caused to evaporate rapidly by bubbling air through the solution. The freshly col¬ 
lected sap was then placed in this glass vial, and the concentration of the dye was 
determined colorimetrically by comparison with the standard dye solutions of 
known concentrations. There was a small amount of the dye residue which was 
not readily soluble in the sap, and which was therefore discarded. The pH value 
of the sap containing the dissolved dye was at once determined by the glass 
electrode. 

To ascertain whether this dye was contaminated by other alkaline substances 
absorbed by the chloroform from the buffer solution which might alter the pH 
value of the sap the following experiments were made. The chloroform was 
shaken with the buffer solution at pH 9.2 containing no dye and was evaporated 
in the vial as before. The freshly extracted sap was placed in the vial and the 
pH value was immediately determined by the glass electrode. Since the pH value 
of the sap collected in this vial was the same as that of the sap collected in a control 
vial (which had not come in contact with the chloroform) it is apparent that the 
chloroform does not absorb any alkaline substance from the buffer solution in the 
absence of dye which would alter the pH value of the sap. Whatever alteration 
occurs in the pH value of the sap in presence of the dye must therefore be due to 
the dye alone. 

It may be asked whether this dye is actually free base of cresyl blue. It cannot 
be a pseudo base, since it is very soluble in water and is readily reversible, forming 
a salt at lower pH values (appearing blue), while the pseudo base is not readily 
soluble in water, in which it appears colorless, and is irreversible. On shaking 
this dye solution (made up in buffer mixtures) with chloroform, the behavior is 
found to be very much like that of the original cresyl blue solution. The spectro¬ 
photometric determination shows that the absorption curve of the dye taken up 
by chloroform is identical with that of brilliant cresyl blue. It would therefore 
appear that the dye represents primarily the free base of brilliant cresyl blue. 
A detailed account of these results will be subsequently published. 

Condition of Cells before Experiments .—As previously described,'® single cells 
were cut from the central portion of the plant and kept about 20 hours in pans of 


Regarding the care of cells and detection of injury see Irwin, M., /. Gen. 
Physiol., 1925-28, 8, 147; 1926-27, 10, 271, 927; 1927-28, 11, 123; 1928-29, 12, 
147. 
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tap water at about 20®G. in a well ventilated room in dijffused light. The cells 
which have suffered severe injury at the time of cutting die over night and those 
which may be slightly injured may recover so as to be suitable for use. The effect 
of cutting and of the subsequent treatment of the cells as described in connection 
with electrical measurements^^ is not manifested in the same way in the determina¬ 
tion of penetration of dyes into the vacuole, so that it is not necessary, for ex¬ 
ample, to keep each cell in a separate test-tube for a day or more before an ex¬ 
periment. The precaution, however, was always taken of placing only a few cells 
in a large pan of water so as to minimize any possible effect of the sap diffusing 
from the dead cells to the living cells. 

Experiments on Penetration. —Cells were placed in solutions with one end (only 
a very small portion, just enough to avoid contamination) exposed to the air in a 
moist chamber, at the temperature at which the glass electrode measurement was 
subsequently made. The cells were kept in the dye solution about 15 minutes. 
Leaving one end of the cell out of the solution for this period in a moist chamber 
was not injurious since cells kept in this way in tap water containing no dye even 
after 8 hours showed no signs of injury. 

Extraction of the Sap. —The cells were removed from the solution, rinsed rapidly 
in distilled water and wiped gently first with a soft dampened cheese cloth and then 
with the dry cloth. Then each cell was cut open by a pair of scissors (the cut 
being made at the end which projected out of the solution) and the sap was allowed 
to flow out into a pyrex glass vial (small enough to prevent evaporation). By 
thus extracting the sap from the unstained portion of the cell, it was possible to 
avoid contamination of the sap by dye diffusing out of the cell wall at the time of 
extraction. Two successive extractions of sap were made from the vacuole of each 
living cell. The first extraction, called for convenience ^‘sap,^' was made without 
pressing on the cell wall, while the second extraction called **sap mixture” was 
made by squeezing the cell wall vigorously so as to press the protoplasm into the 
vacuolar sap. The pH value of the sap was found to be about 0.6 pH lower than 
that of the sap mixture. It took about 15 minutes for one person to collect the 
sap and the corresponding sap mixture sufficient for analysis. For each reading by 
the glass electrode method it required about 0.4 cc. of sap collected from the vacu¬ 
oles of 40 or more cells. The extraction was made at the same temperature as the 
temperature at which the electrode measurement was made. 

Standardization of the Glass Electrode and Method of Measurement. —The ap¬ 
paratus used is identical with the one described by Macinnes and Dole^® but the 
method of standardization of the glass electrode and the calculation of the pH value 
of the unknown solution used was different. The standard solution of the m/20 
potassium hydrogen phthalate was made up to pH 3.97 and its pH value was de¬ 
termined by means of the hydrogen electrode. This solution was made up every 


^^Osterhout, W. J. V., and Hill, S. E., /. Gen. Physiol, 1929-30, 13, 467. 
^®For reference see footnote 10. 
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2 weeks to keep the pH value constant. Due to the very low temperature coeflS- 
cient of this solution the alteration in the pH value with varying temperature is 
negligible in the range in which the experiments were carried out (between 20® 
and 23®C.). 

Before each series of experiments the temperature was noted, and the glass 
electrode was standardized by determining the potential of the standard phthalate 
solution^® at pH 3.97. Then the pH value of the standard m/15 phosphate buffer 
solution at pH 6.647 (the pH value of which was checked by the hydrogen elec¬ 
trode) was determined by means of the glass electrode to ascertain the behavior 
of the electrode; in no case did the reading vary more than dhO.03 pH. The 
potential of the unknown solution was then determined, and the pH value of the 
unknown solution was calculated for the given temperature according to the usual 
formula^^ 

TI TJ J_ 

pHfii “ pH« 4" 

~T 

where pHm denotes the pH value of the unknown solution and pH „ that of the stand¬ 
ard, while E„ represents the potential of the unknown solution and En that of the 
RT 

standard (the value of — at different temperatures is given by Clark^'). 

p 

The temperature during the day did not usually vary more than i0.5®C. but 
in case a variation greater than iO.S^C, occurred, the electrode was re-standard¬ 
ized. From day to day the temperature varied between 20® and 23®C., but this 
variation did not bring about errors, since the glass electrode was always standard¬ 
ized and a temperature correction was made accordingly. After each series of 
experiments the electrode was again standardized with the phthalate and the 
phosphate buffer to see whether the electrode remained unaltered during the ex¬ 
periments. In many cases where the test solution is much less buffered than the 
standard phosphate solution, it may be desirable to check the glass electrode be¬ 
fore and after a series of experiments with a standard solution which is buffered 
to about the same extent as the test solution. This was done in the case of the 
Nitella sap, by using m/ 150phosphate buffer solution at pH 5.5, or the control sap, 
whenever there was a possibility of the effect of the sap in presence of the dye on 
the electrode in a series of experiments. In the case of all the experiments pre¬ 
sented in the text the electrode remained unchanged through each series of experi¬ 
ments, in that there was no variation of more than =h0.05 pH value with these 
standard solutions. 


For review and bibliography on the glass electrode methods see Clark, W. M., 
The determination of hydrogen ions, Baltimore, 3rd edition, 1928. 

^^The equation is taken from the one described by Kerridge, P. T., Biochem, 
/., 1925,19, 611. 
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Three electrodes were employed for the experiments described in the text. In 
no case did the pH value of the standard phosphate buffer solutions determined 
by these electrodes vary more than db0.03 pH. 

Method of Washing the Glass Electrode when Successive Determinations Are to be 
Made. —When the glass electrode is not in use, it is kept in 0.1 n HCl. When 
two measurements with different samples are to be made in rapid succession 
washing with distilled water (without washing with the acid) is adequate if the test 
solution is such that it does not measurably affect the electrode or the reading, 
or if the solution is sufficiently buffered, but if the test solution does affect the elec¬ 
trode and if it is not sufficiently buffered, the alteration will result in a wrong pH 
value. An example of such cases may be cited as follows. The pH value of a 
strongly buffered solution, such as standard phosphate buffer at pH 6.647, in 
presence or absence of basic dye, or that of the distilled water containing no dye, 
may be measured repeatedly without showing any effect of the test solution on the 
electrode whether the electrode is washed after each measurement with 0.1 n HCl 
and then with distilled water or only with distilled water. But if the distilled 
water contains, for examine, 0.07 per cent cresyl blue in form of salt or free base, 
an effect on the electrode is manifested by an increase in the pH value after each 
successive measurement if the electrode is washed only with distilled water each 
time. But such an effect is not manifested if the electrode is first washed with 
acid each time before applying distilled water. 

The freshly extracted sap is more buffered than the distilled water but not suffi¬ 
ciently so to enable us to omit the washing with acid each time, even though the 
electrode is always washed with the test sap before each measurement. If the 
electrode is not washed with the acid there is a small but progressive increase in the 
observed pH value of sap containing cresyl blue (in form of salt or in form of free 
base) with each successive drop of the same sample of sap taken for each one of the 
five measurements, where the maximum increase is a little over 0.1 pH. The ob¬ 
served pH value of the same sap remains constant throughout such a series of ex¬ 
periments when the electrode is washed with O.l n HCl and then with distilled 
water followed by final washing with test solution after each measurement. There 
is no danger of the acid diffusing out of the electrode which has been washed with 
acid into the sap, since the pH value of the sap containing no dye is found to be 
the same whether the electrode is first washed with the acid or not. 

To avoid the errors arising from this source, the following procedure was adopted 
in the experiments described in the text. Before using the electrode it is removed 
from 0.1 nHCI, wiped with filter paper, washed in distilled water, and wiped again. 
Then the electrode is washed quickly in the solution, the potential of which is to be 
determined. After measurement, the electrode is washed in distilled water, wiped, 
and placed in 0.1 n HCl until the effect of the test solution on the electrode is 
completely removed. When the electrode is not in use, it is always kept in the 
0.1 N HCl. The temperature of the solutions used to wash the electrode is kept 
within ±0.5®C. of the temperature of the test solution. 
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Time Curve for Glass Electrode Measurement .—It is always necessary to continue 
measurement for about 5 or 10 minutes to see if there is any change in the potential 
with time. Such a change may occur from the effect of the solution on the elec¬ 
trode or from the change in the solution proper. The results show that there is 
no alteration in the pH value of the buffer solution at pH 6.65 within 5 minutes, 
nor in the pH value of the control sap. There is a tendency for the pH value of 
the sap containing the dye to rise with time, but the maximum rise in 5 minutes is 
only 0.05 pH, which is within an experiment! error. The two measurements 
made within 2 minutes agree within dh.0.03 pH; the measurements given in 
the text represent the average of two readings made, (<0 one-half minute after the 
electrode has first come in contact with the test solution, and (d) one minute and 
a half later. 

T/te pH Value of the Control Sap or the Sap Mixture. If the pH value of the 
control sap changed rapidly after extraction, it would interfere with such experi¬ 
ments as are described in the text, but fortunately there was no alteration in the 
pH value of the sap nor of the sap mixture even on standing in a pyrex glass vial 
(stoppered) 2 hours after extraction. Even on keeping the sap in the refrigerator 
for 20 hours the pH value of the sap was found to increase only 0.2 pH. 

Furthermore there was practically no alteration in the pH value of the sap nor 
of the sap mixture during the 15 minutes required for extraction. This test was 
made colorimetrically,'* since by thii method only a small capillary tube of sap 
was sufficient so that it was possible to complete the first determination only 3 
minutes after the extraction had begun. The indicator method was found to be 
adequate since the pTI value of the sap determined by this method agreed closely 
enough (within i O.l pH) with the pH value determined by the glass electrode. 

From day to day there was some variation in the pH value of the control sap, 
the maximum variation being about .lO. 2 pH. Owing to this an alteration in 
the pH value of the sap less than 0.2 pH should not be taken seriously. Though 
the pH value of the sap did not alter on standing for several hours, the measure¬ 
ment with the glass electrode was always made immediately after the sap was 
extracted. 

Each reading given in the text is an average of 10 to 15 experiments employing 
altogether 400 cells or more. 


Ill 

Nitella flexilis (^4) 

The Sap.—The average sap of the control cells (taken from tap 
water) is at about pH 5.36 (Table I). 

When the cresyl blue salt at a concentration in the neighborhood 
of 0.07 per cent is dissolved in the sap in vitro the pH value of the sap 

For method see Irwin, M., J. Gen.Ehysiol.j 1925-26,9, 240, Section III, 
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is found to decrease by about 0.07 pH, which is too small an alteration 
to be considered seriously (Table I). 

When about 0.07 per cent free base *• of cresyl blue is dissolved in the 
sap in vitro, the pH value is found to increase by about 0.55 (Table I). 

TABLE 1 

pH Value of the Sap of Living Cells of Nilella flexilis (A) 

In presence of cresyl blue. Average temperature 21°C. Electrode I was used. 
Unless otherwise stated, penetration experiments were carried out with one end of 
the cell outside the solution in moist chamber, to avoid contamination of the sap. 
The duration of the experiments was about 15 minutes. 



Cone, of 
dye 

in sap in 
per cent 

pH of 
sap 

j 

Increase 
in pH of 
sap over 
the con¬ 
trol sap 

Cone, of 
dye in 
sap con¬ 
taining 
proto¬ 
plasm in 
per cent 

dH 
of sap 
con¬ 
taining 
proto¬ 
plasm 

Increase in 
pH of sap 
containing 
protoplasm 
over the 
control Mp 
containing 
protoplasm 

Control cells in tap water. 

0 

5.36 


0 

5.97 


Dye salt added in vitro . 

0.069 

5.29 





Free base of dye added in vitro . 

0.071 

5.91 

0.55 

0.070 

6.48 

0.51 

Penetration from 0.002 per cent dye 







at pH 9.2. 

0.073 

5.86 

0.50 

0.065 

6.45 

0.48 

Penetration from 0.025 per cent dye 







at pH 6.8. 

0.071 

5.87 

0.51 

0.074 

6.37 

0.40 

Penetration from 0.004 per cent dye 







at pH 9.2. 

0.18 

6.66 

1.30 




Free base added in vitro . 

0,16 

6.50 

1.24 




Penetration from 0.002 per cent dye 







at pH 9.2, when cells are com¬ 







pletely immersed. 

0.070 

5.88 

0.52 




After 8 hours in tap water contain¬ 







ing no dye. 

0 

5.40 


0 

6.00 


After 1 hour in buffer solution at pH 







9.2, containing no dye. 

0 

5.37 


0 

5.94 



These results prove that the two forms of the dye are distinguishable 
by determining the pH value with the glass electrode, the dye salt 
having very little effect on the sap, the free base of the dye distinctly 
raising the pH value of the sap. If therefore the same amount of dye 
penetrating the vacuole raises the pH value to about the same extent 

For method see Section II in the text. 
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as the free base of the dye, we may conclude that the dye penetrates 
as free base and not as salt. The following results show this to be the 
case. 

When cells are placed^® for about IS minutes in 0.002 per cent dye 
solution at pH 9.2 until about 0.07 per cent dye has accumulated in 
the vacuole, the pH value of the sap is found to increase about 0.5 
over that of the control sap (Table I). This increase^® agrees closely 
with the increase obtained by dissolving 0.07 per cent free base of the 
dye in the sap (Table I), thus indicating that the dye penetrates chiefly 
as free base and not as salt. 

Previous experiments®^ have shown that at pH 9.2 cresyl blue exists 
predominantly as free base so that it would not be surprising if the dye 
penetrated as free base from this solution. But at a lower pH value, 
where the dye salt predominates, does the dye enter as salt or as free 
base? To test this point the dye was allowed to penetrate for about 
15 minutes from 0.025 per cent cresyl blue solution at pH 6.8 (in 
which there was a preponderance of the dye salt).®^ As shown in 
Table I, 0.07 per cent dye penetrating from this solution has brought 
about approximately the same increase (about 0.51 pH) in the pH 
value as 0.07 per cent dye penetrating from the solution at pH 9.2. 
These results prove that irrespective of the ratio of the free base to 
salt of the dye in the external solution, the dye penetrates as free base 
and not as salt. 

The dye was furthermore allowed to penetrate to a still higher con¬ 
centration (0.18 per cent) from 0.004 per cent cresyl blue solution at 
pH 9.2 in about 15 minutes, to see if further increase in the pH value of 
the sap would occur with a higher concentration of the dye in the sap. 
An increase®® of about 1.30 pH over the control was found to take place, 
which agreed closely with the rise in the pH value by dissolving 0.16 
per cent free base of cresyl blue in the sap in vitro (Table I). 

The pH value of the sap in the presence of a lower concentration of 

These results prove that the alteration in the rate of entrance and exit of the 
dye formerly reported to occur in the cell after penetration of dye are not due to 
the production of acid in the sap to the extent of lowering the pH value of the sap 
below the normal. Irwin, M., J. Gen. Physiol., 1925-28, 8, 147; Proc. Soc. Exp. 
Biol, and Med., 1926-27, 24, 247. 

For reference see footnote 3. 
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cresyl blue (below 0.07 per cent) was determined but owing to the 
variation in the pH value of the control sap (to the extent of 0.2 pH) 
it is not desirable to draw conclusions from the lower concentration of 
the dye in the sap which brought about this increase in the pH value 
of the sap. 

Owing to the fact that these experiments were carried out when a 
portion of the cell was exposed to the air in a moist chamber (to avoid 
contamination of the sap from the stained cell wall at the time of 
extraction) the question may be raised whether the increase in the pH 
value of the sap may not be caused by the penetration of the alkaline 
buffer as a result of injury to the cells under these experimental con¬ 
ditions. This ^^partial immersion’’ method, however, is proved to 
cause no injury in the duration of these experiments, as sjhown by 
the following experiments. 

When the experiments were repeated by completely immersing the 
cells in 0.002 per cent dye at pH 9.2 for a little less than IS minutes 
until 0.07 per cent dye had collected in the sap, the pH value of the 
sap was found to increase about 0.52 pH, which agrees closely with 
the rise brought about when ceUs were only partly immersed in the 
solution as previously stated (Table I). In this dye solution at pH 
9.2 so little staining of the cell wall occurs (with this length of exposure) 
that no question of errors arising from contamination of the cell sap 
from the stained cell wall enters in the case of the cells completely 
immersed in this solution. If the partial immersion method causes 
injury, thereby hastening the penetration of the alkaline borate buffer, 
the rise in the pH value of the sap maybe expected to be greater when 
this method is used than the rise when the cells are completely im¬ 
mersed. Since the rise in the pH value is about the same in both cases, 
we may conclude that the alteration in the pH value of the sap is not 
due to injury caused by the partial immersion method. 

Furthermore the pH value of the cells which were partially immersed 
in this way in tap water for 8 hours or in the buffer solution at pH 
9.2 (containing no dye) for 1 hour was the same as that of the control 
sap, thus showing that the partial immersion method does not injure 
the cells (for the duration of exposure described in the text) enough to 
affect the pH value of the sap (Table I). 

Sap Containing Protoplasm ,—The most striking fact is that after the 
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sap has been allowed to flow out without pressure, if the cell wall is 
squeezed so as to press the protoplasm into the sap, the pH value of 
this mixture is found to be about 0.6 pH higher than the sap proper 
(Table I). This may be chiefly due to the presence of the protoplasm, 
the pH value of which may be higher than that of the sap. Another 
possible explanation is that the fluid^^ which may exist in the space 
between the protoplasmic layer and the cell wall may also be squeezed 
into the sap and may help to raise the pH value of the sap. 

In presence of 0.07 per cent cresyl blue free base the pH value of this 
mixture is increased about O.Sl over that of the control mixture (Table 
I). The cresyl blue penetrating from the dye solution at pH 9.2 or 
at pH 6.8 also raises the pH value of sap containing protoplasm by 
about 0.4 to 0.5 pH (Table I), thus showing that the dye penetrates 
chiefly as free base into this mixture. Undoubtedly not all the 
protoplasm can be squeezed into the sap and the protoplasmic layer is 
very thin so that in the mixture the sap preponderates over the pro¬ 
toplasm. For this reason it would be difficult to conclude from these 
results whether the dye penetrates chiefly as free base into the proto¬ 
plasm as it does into the vacuole. 


IV 

Nitclla flexilis (B) 

To determine if the penetration of cresyl blue as free base will occur 
with another sample of Nitella obtained in a different locality, the 
experiments were repeated with cells collected elsewhere which are 
distinguished for convenience from Nitella {A) by the term Nitella {B), 

The Sap. —The average pH value of the sap of Niklla {B) is pH 
5.6 (Table II), which is about 0.2 pH higher than the pH value of the 
sap of Nitella (^4). 

On dissolving the 0.086 per cent free base^® of cresyl blue in this sap 
in vitro the pH value of the sap is found to increase about 0.37 pH 
(Table II). This increase is about 0.2 pH less than is the case with 
Nitella (^4). This may mean that the sap of Nitella (B) is 
more buffered than the sap of Niklla {A) (Tables I and II). On 

«Irwin, M., /. Gen. Physiol., 1926-27, 10, 75. 
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adding the dye salt to the sap there is practi teration in the 

pH value of the sap. When about 0.075 per c penetrates the 
vacuole from the cresyl blue solution at pH 9.2 or 6.8, there is an in¬ 
crease in the pH value of 0.4 or 0.45 pH over that of the control sap 
(Table II), which agrees closely with the rise in i pi value when 
the free base of the dye is dissolved in the sap in vitro, n this case 

TABLE II 

pH Values of the Sap of Living Cells of Nitella flexilis (B) 


In presence of cresyl blue. Average temperature at 22°C. Electrode I was 
used unless otherwise stated. The penetration experiments lasted about 15 min¬ 
utes (with precautions to avoid contamination of the sap). 



Cone, of 
dye 

in sap in 
per cent 

pH of 
sap 

Increase 
in pH of 
sap 

over the 
control 
sap 

Cone, of 
dye con¬ 
taining 
proto¬ 
plasm in 
per cent 

of sap 
con¬ 
taining 
proto¬ 
plasm 

Increase in 
pH of sap 
containing 
protoplasm 
over the 
control sap 
containing 
protoplasm 

Control. 

0 

5.60 


0 

6.11 


Free base of dye added in vitro . 

0.086 

5.97 

0.37 

0.077 

6.43 

0.32 

Dye salt added in vitro . 

0.080 

5.55 


0.085 

6.07 


Penetration from 0.002 per cent dye 







at pH 9.2. 

0.076 

6.00 

0.40 

0.065 

6.35 

0.24 

Penetration from 0.025 per cent dye 







at pH 6.8. 

0.077 

6.05 

0.45 

0.069 

6.36 

0.25 

Penetration from 0.01 per cent dye 







in tap water. 

0,076 I 

5.96 j 

I 0.38 j 

0.072 

6.37 

0.26 

Cells placed for i hour in buffer solu¬ 







tion at pH 9.2 after cells had been 







in 0.002 per cent dye at pH 9.2 for 







about 15 minutes. 

0.075 

5.95 

0.35 

0.070 

6.31 

0.20 

Penetration from 0.002 per cent dye 







at pH 9.2 Electrode II. 

0.079 

5.98 

0.38 

0.070 

6.39 

0.28 

Penetration from 0.002 per cent dye 







at pH 9.2 Electrode III. 

0.074 

5.95 

0.35 

0.068 

6.36 

0.25 


the increase in the pH value is a little less (about 0.1 to 0.2 pH) than 
that of the Nitella {A), 

Thus the results on Nitella {B) confirm those on Nitella {A), show¬ 
ing that in both cases the dye penetrates the vacuole chiefly as free 
base. 

The Sap Containing Protoplasm.— Hht pH value of the mixture of 
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the sap and the protoplasm extracted as before behaved very much like 
the mixture of NiteUa (A) in that the pH value of the mixture is raised 
when the free base of the dye is dissolved in the mixture in vitro 
(Table II). On examining the pH values of the mixture after pene¬ 
tration of the dye they are found to be 0.1 to 0.2 pH lower than the 
corresponding pure sap containing approximately the same amount of 
dye (Table II). Such results may signify that some dye salt^® pene¬ 
trates into the protoplasm or that the pH value of the protoplasm is 
decreased when the dye penetrates as a result of production of acid 
by the protoplasm. 

Though the results definitely show the penetration of cresyl blue into 
the sap to be chiefly as free base there is still one more uncertainty to 
be removed and this is in relation to the possibility of the rise in the 
pH value of the sap taking place as a result of penetration of an alka¬ 
line substance other than the dye owing to the injury caused by the 
penetration of the dye. Such a possibility is imminent owing to 
previous^® results showing changes in the rate of penetration from the 
normal as a result of penetration of over 0.006 per cent dye. Since the 
concentration of cresyl blue in the vacuole in the present case is 
high (about 0.07 per cent), it is necessary to prove that the increase 
in the pH value of the sap is not due to the penetration of an alkaline 
substance other than the dye into those cells the condition of which 
is altered from the normal by penetration of the dye. 

Since in all the experiments the length of exposure and the con¬ 
centration of the dye which has penetrated into the sap are approxi¬ 
mately equal, if the increase in the pH value of the sap were due to the 
penetration of an alkaline substance other than the dye, there should 
be a greater increase in the pH value of the sap when cells are exposed 
to the uye solution at pH 9.2 than at pH 6.8 or in tap water at pH 
7.7. But this increase is found to be about constant irrespective of 
the external pH values and the external alkaline buffer concentrations, 
provided the concentration of dye in the sap is approximately the same 
(Table II). These results therefore point to the fact that whatever 

** Experiments on penetration of dye from methylene blue, described in the 
subsequent paper, show that such a lowering is not due to the penetration of the 
dye salt, so that in all probability the same is true with the cresyl blue. Irwin, 
M., /. Gen, Physiol, 1930-31, 14, 19. 
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secondary changes that might occur in the ceU they do not admit 
an alkaline substance other than the dye into the vacuoles of these 
cells. 

Another proof is as follows. If the increase of 0.4 pH in the sap over 
the control sap is not due to the penetration of alkaline buffer as a 
result of secondary changes, but is due to the penetration of about 
0.08 per cent cresyl blue free base from the dye solution at pH 9.2, 
then by transferring such cells from the dye solution into the buffer 
solution at the same pH value containing no dye there should be no 
progressive increase in the pH value of the sap. Such is found to be 
the case experimentally, as shown in Table II, when even after ^ 
hour exposure of these cells to the buffer solution at pH 9.2 there is 
no further increase in the pH value of the sap. But a further in¬ 
crease is found to occur if more dye penetrates the vacuole. 

These experiments were made with one electrode (I) only: after¬ 
ward check experiments were made with several electrodes, which 
gave about the same results as Electrode I. The results from two 
other electrodes are recorded in Table II. 

The spectrophotometric measurements show that the dye which 
has penetrated from the cresyl blue solution into the sap or into the 
sap mixture is identical with the external dye solution as well as the 
cresyl blue free base dissolved in the sap in vitro in that the absorption 
curves are characteristic of cresyl blue. 

V 

CONCLUSION 

From these results we may conclude that the cresyl blue penetrates 
chiefly as free base and upon coming in contact with the sap at the 
vacuolar surface it is at once partly converted into the dye salt. At 
equilibrium the concentration of free base in the sap is proportional to 
that in the external solution. Thus the rate of penetration of the dye 
in form of free base and the concentration of the total dye (free base 
and salt) in the sap at equilibrium are dependent on the dissociation 
constant of the dye. For this reason both the rate of penetration and 
the concentration of the dye in the sap at equilibrium are increased 
with a rise in the external pH value (which increases the concentration 
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of free base of the dye) or with a decrease in the pH value of the sap 
(which increases the conversion of the free base to the dye salt). 

It is possible that some of the dye may be converted to something 
different from the dye salt after the dye has penetrated the vacuole. 
Previous experiments-^ have shown that as the concentration of the 
dye in the sap through penetration reached a certain point the rate of 
penetration progressively increased while that of the exit decreased 
from that of the normal. Such an alteration in the rate is not due to 
the excess production of acid in the sap as shown by the preceding re¬ 
sults. It may be caused by some kind of change in the dye as the dye 
penetrates the sap. Such a dye may be either another tautomer of 
cresyl blue, or a compound formed between the cresyl blue and the sap, 
or another dye. To affect the rate, as already stated, the reaction pro¬ 
ducing this dye must be less reversible than that producing crc.syl 
blue salt or this dye must have a lower rate of exit from the vacuole 
into the external solution than cresyl blue salt. 

These results cannot be due to exchange of dye cations for hydrogen 
ions, as this would involve a lower rate of penetration since the sur¬ 
faces are non-aqueous and the concentration of hydrogen ions in the 
sap is too low. This will be discussed in subsequent papers. 

SUMMARY 

Glass electrode measurements of the pll value of the sap of Niiella 
show that cresyl blue in form of free base penetrates the vacuoles and 
raises pH value of the sap to about the same degree as the free base of 
the dye added to the sap in vitro^ while the dye salt dissolved in the sap 
does not alter its pH value. It is proved conclusively that the increase 
in the pH value of the sap is due only to the presence of the dye and 
not to some other alkaline substance. 

Spectrophotometric measurements show that the dye which pene¬ 
trates the vacuole is chiefly cresyl blue. 

When the protoplasm is squeezed into the sap, the pH value of the 
sap is higher than that of the pure sap. Such a mixture behaves very 
much like the sap in respect to the dye. 




[Reprinted from The Journal of General Physiology, September 20,1930, 
Vol. 14, No. 1, pp. 19-29) 


STUDIES ON PENETRATION OF DYES WITH GLASS 
ELECTRODE 

V. Why Does Azure B Penetrate More Readily Than 
Methylene Blue or Crystal Violet? 

By MARIAN IRWIN 

{Front the Laboratories of The Rockefeller Institute for Medical Research) 
(Accepted for publication, June 19, 1930) 

I 

The results^ from measurements made with the glass electrode and 
spectrophotometer show that brilliant cresyl blue penetrates as free 
base into the vacuoles of living cells of Nitella, The present paper 
describes similar experiments with azure B, methylene blue, and crys¬ 
tal violet. 

Since the methods for the condition of cells, extraction of the sap, 
penetration experiments, extraction of free base of dyes, making up of 
dye solutions, and measurements by means of the glass electrode have 
been published^ in detail, they are omitted here. The dyes were ob¬ 
tained as salts. The azure B (in pure form) was made by W. C. 
Holmes of the Color Laboratory, Washington, D. C., methylene blue 
(medicinal) by Merck and Co., crystal violet by Griibler (obtained 
before 1914). These dyes affected the electrode slightly more than 
cresyl blue (causing the pH value of the sap containing the dye to 
increase between 0.1 and 0.2 pH value after the fifth measurement 
(when the electrode was not washed with acid), but these effects were 
entirely eliminated by washing the electrode with acid as already de¬ 
scribed.^ Just as with cresyl blue, the readings did not vary within 5 
minutes after the electrode was brought in contact with any one of 
these dyes. 

1 Irwin, M., /. Gen. Physiol., 1930-31,14,1. 
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II 

Azure B or Trimethyl Thionin 
A, Nitella {A) 

The 5a/>.i--When about 0.07 per cciit azure B salt is dissolved in the 
sap in vitro the pH value remains practically the same as that of the 
control (Table I), but when the same concentration of the dye in the 
form of free^ base is dissolved in the sap in vitro the pH value is found 
to be about 1 pH above that of the control sap (Table I). Owing to 
this difference it is possible to find out which form enters the vacuoles 
of living cells of Nitella by determining the pH value of the sap after 
penetration. 

When cells are placed in 0.01 per cent azure B solution at pH 9.2 
for about 15 minutes until 0.07 per cent dye has penetrated the vac¬ 
uole, the pH value of the sap is found to increase about 1 pH above 
that of the control sap (Table I). 

Since azure B which has penetrated the vacuole increases the pH 
value of the sap to about the same extent as the same concentration of 
the dye in form of free base added to the sap in vitro, while the dye 
salt dissolved in the sap in vitro does not alter the pH value of the sap, 
it would seem that the azure B penetrates chiefly as free base and not as 
salt. 

But the experimental results supporting this conclusion are not so 
numerous as with cresyl blue,^ There is a greater possibility of in¬ 
jury to cells exposed to azure B than to cresyl blue. Since the rate of 
penetration at pH 9.2 is much slower with azure B than with cresyl 
blue, it was necessary to use a higher concentration^ of azure B in order 
to maintain a comparable length of exposure to both these solutions. 
Cells were dead in this azure B solution after 3 hours’ exposure while 
these cells in the cresyl blue solution were not dead until after 6 hours’ 
exposure. Since injury hastens the entrance into the vacuole of sub¬ 
stances whose penetration under normal conditions is negligible it is 

* A lower concentration of azure B at pH 9.2 (causing penetration of 0.03 
per cent dye in LS minutes) was employed in which a rise in the pH value of the 
sap was found to be at about 0.5 pH over that of the control, and in which cells 
lived somewhat longer than in the solution described in the text. But even in 
this case, the results were not so conclusive as with cresyl blue. 
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all the more necessary to ascertain whether the cells were injured to 
such an extent that alkaline substances other than the azure B pene¬ 
trated. Unfortunately it was not possible to determine this point so 

TABLE I 

pH Values of ike Sap of Livinfi Cells of Nitclla jhw His. (A and B) 

In presence of azure B and methylene blue. Average temperature 22.5°C. 
Duration of e\{)erimcnts was a])out 15 minutes with azure B and about 80 
minutes with methylene blue (precaution was taken to avoid contamination of 
the sap). Electrode I was used unless otherwise stated. 



Cone, of 
<lyc in pH of 
sap in sap 

per cent 

i 

Increase in 
pll of s.ip 
over the 
control s.ip 

Cone of 
dye in 
s.ip con¬ 
taining 
proto¬ 
plasm in 
l)cr cent 

pH of 
s.ip con 
tiiining 
proto- 
pla.sm 

Increase in 
pH of sap 
containing 
protoplasm 
over the 
control sap 
containing 
protoplasm 

Nitella A , azure B 

Control. 

0 5.25 


0 

6.09 


Dye salt added in vitro . 

0.07 5.27 

0.02 

0.070 

6.14 

0.06 

Free base of dye added in vitro . 

0.73 6.37 

1.10 

0.080 

7.20 

1.06 

Penetration from 0.01 per cent dye 






at pH 9.2. 

0.075 6.39 

1.14 

0.070 

6.73 

0.64 

Nitella azure B 

Control. 

0 5.52 



6.00 


Penetration from 0.01 per cent dye 






at pH 9.2. 

0.08 6.52 

1.0 

0.080 

6.50 

0.5 

Penetration from 0,01 per cent dye 






at pH 9.2. Electrode II. 

0.08 6.45 

0.93 

0.075 

6.43 

0.43 

Nitella A, methylene blue 


Control. 

0 

5.30 


0 

6.10 


Dye salt ridded in vitro . 

0.07 

5.28 


0.075 

6.17 

0.07 

*Frce base added in vitro . 

Penetration from 0.04 per cent dye 

0.067 

6.31 

1.01 

0.065 

6.99 

0.89 

at pH 9.2. 

0 07 

6.43 

1.13 

0.073 

6.78 

0.61 


* This free base is azure B extracted from methylene blue solution at pll 9.2. 


satisfactorily as with cresyl blue. Owing to the heavy staining of the 
cell wall when cells were placed in the azure B solution (at all pH 
values) the dye at once began to diffuse into the vacuoles from the 
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cell wall when cells were transferred from the dye solution at pH 9.2, 
for example, into the buffer solution at the same pH val^e containing 
no dye so that it was not possible to prove whether or not the pH value 
of the sap would continue to increase without further penetration of 
the dye. Furthermore it was not possible to determine the penetra¬ 
tion of azure B from tap water in the given period without employing 
a very high concentration of dye (too high for experiments without 
danger of causing injury to cells). 

Thus the proof of the penetration of the dye in form of free base was 
less conclusive than with cresyl blue, but it seems probable that the 
azure B also penetrates as free base. 

Sap Mixture^ {Sap Containing Protoplasm ),—Addition of 0.07 per 
cent dye salt or the free base to the mixture of sap and protoplasm 
produces much the same effect as on sap in that the dye salt brings 
about practically no alteration in the pH value of the mixture while 
the free base of the dye increases the pH value about 1 pH over 
that of the control mixture (Table I). But when the azure B 
penetrates until 0.07 per cent dye has collected in the vacuole, the 
increase in the pH value of this mixture is found to be only about 
0.6 pH instead of 1 pH as was the case with the sap. Judging 
from the results obtained with penetration of dye from methylene 
blue (described in following section) we may conclude that this 
difference may be due to the production of acid by the protoplasm 
as a result of penetration of dye, and not to the penetration of azure 
B salt into the protoplasm. It is not due to the greater buffer action 
of the protoplasm since the pH value is increased to about the same 
extent when the azure B free base is added in vitro to the sap or to the 
mixture of the sap and the protoplasm. As the protoplasm consists 
of only a very thin layer it is not possible to obtain it free from the 
sap so as to study its behavior. 

B. Nitella (B) 

Approximately the same results were obtained when the experiments 
were repeated with Nitella^ {B) (Table I). 

On emplo 3 dng Electrode II, the same results were obtained (TableI). 

Spectrophotometric measurements show that the dye which has 
penetrated the vacuole is like the free base dissolved in the sap in 
vitrOf and the external dye solution employed in giving absorption 
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curves characteristic of azure B with primary absorption maxima at 
about 650 m/x. 

Ill 

Methylene Blue or Teiramethyl Thionin 
Nitella (-4) 

The Sap,^ 1 he pH value of the sap after 0.07 per cent dye had pene¬ 
trated from 0.04 per cent methylene blue solution at pH 9.2 in 80 
minutes was found to be about 1 pH higher than the control (Table I), 
which agreed closely with the rise in the pH value brought about by 
dissolving the 0.07 per cent free base of azure B in the sap (Table I). 
The methylene blue chloride when dissolved in the sap brought about 
practically no change in the pH value of the sap (Table I). 

There was a striking similarity in the behavior of the dye absorbed 
by the vacuole and by the chloroform. When chloroform was shaken 
up with the methylene blue solution at pH 9.2, the dye appeared red 
in the chloroform. After evaporation of the chloroform, the dye resi¬ 
due was dissolved in sufficient sap to make the concentration 0.07 
per cent. The pH value of this sap was found to be again about 1 
pH higher than that of the control sap (Table I). 

On determining by means of the spectropho tome trie measurements 
the nature of the dye which has penetrated the vacuole from this me¬ 
thylene blue solution until 0.07 per cent has collected in the sap, the 
absorption curves showed that the dye consisted more of azure B than 
methylene blue with primary absorption maxima at 653 to 655 m^u. 
The dye absorbed by the chloroform was also found to be chiefly 
azure B with a primary absorption maximum at 650 m^u. 

These results therefore confirm those obtained previously by spec- 
trophotometric analysis^and support the conclusion previously made 
that the azure B free base present as impurity in methylene blue solu¬ 
tion penetrates the vacuole so much more rapidly than methylene 
blue salt that the dye which collects in the vacuole consists chiefly 
of azure B and not methylene blue. 

® Irwin, M., Proc. Soc. Exp. Biol, and Med.^ 1926-27,24, 425; 1927-28,25, 563; 
J. Gen. Physiol, 1928-29,12,147,407. 

^ Experiments on spectrophotometric measurements were repeated by Brooks, 
who found methylene blue to penetrate instead of azure B. Brooks, M. M., 
Proc. Soc. Exp. Biol and Med., 1928-=2P, 26, 290. Protoplasma, 1929,7, 46. 
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As soon as cells are injured, however, the methylene blue penetrates 
more rapidly so as to shift the absorption curve of the dye in the sap 
from that of a mixture containing more azure B than methylene blue 
to that of a mixture containing more methylene blue than azure B. 
Since in the present instance where there is 0.07 per cent penetration 
of dye from methylene blue solution at pH 9.2 it is the azure B free 
base that still penetrates predominantly, the cells thus exposed can¬ 
not be injured to the extent of permitting the dye salts to penetrate 
freely although the cells are dead in the methylene blue solution within 
three hours' exposure. 

Owing to this toxicity of methylene blue solution and to the neces¬ 
sity of longer exposure of these cells to the solution, the results are not 
so convincing as those obtained on cresyl blue, but the evidence is in 
favor of the conclusion that predominantly azure B in form of free 
base penetrates the vacuoles unless cells are injured. 

^^Sap Mixture”^ (Sap Containing Protoplasm), —The same results as 
in the case of the sap were obtained when the methylene blue or the 
dye extracted by the chloroform from the methylene blue solution was 
dissolved in the sap mixture in vitro (Table I). But on penetration of 
the dye from the methylene blue solution at pH 9.2 into the vacuoles 
the pH value of the sap mixture was raised only 0.6 pH over that of 
the control sap mixture instead of 1 pH increase, as was the case of the 
sap. This difference is not due to the greater penetration of methylene 
blue into the protoplasm than into the sap, because the dye in the sap 
mixture gives the same absorption curve as the dye in the sap, with a 
primary absorption maximum at 653 to 655 m/z (characteristic of a 
mixture of azure B and methylene blue with preponderance of the 
former). In all probability it is due to the production of acid by 
the protoplasm as a result of the dye penetration. 

IV 

Crystal Violet 
Nitella (A) 

Crystal violet is more toxic than other dyes employed here and the 
rate of penetration at any pH value into the cells of Nitella is not suffi¬ 
ciently rapid to cause an adequate penetration of the dye before there 
is a danger of injury to cells. In 0.001 per cent dye solution, for ex- 
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ample, the cells are dead after 1 hour, while the penetration after 15 
minutes is too small to show whether the dye increases the pH value. 
The rate of penetration is approximately the same at pll 9.2 as at pH 
S.S. As the dye penetrates, a violet precipitate appears in the sap 
with very little of the dissolved dye. The penetration of the dye is in 
all probability mostly due to injury. Crystal violet is a basic dye and 
it is soluble in chloroform so that according to Overton’s theory it 
should penetrate the cells rather rapidly. Since the penetration is 
found to be slow, it is of interest to find out more about the behavior of 
this dye toward the sap of NitcUa in vitro as a basis for an explanation 
of why it does not penetrate the vacuole readily. 

When 0.07 per cent crystal violet chloride was dissolved in the 
freshly extracted sap, the pH value was not higher than that of the 
control sap (about pH 5.3). 

The dye was absorbed by chloroform from aqueous solution at pH 
5.5 and pH 9.2 in about the same amount. The stained chloroform 
was freed from the aqueous solution, allowed to evaporate, and the 
colored residue was dissolved in the sap. This did not raise the pH 
value of the sap above that of the control saj) (whether the dye thus 
dissolved was obtained by shaking the chloroform with crystal violet 
solution at pH 5.5 or pH 9.2). 

The behavior of crystal violet in sap is therefore different from that 
of the free base of cresyl blue or of azure B in that with crystal violet 
there is no difference between the dye salt and the dye absorbed by the 
chloroform from the solution at pH 9.2, while with cresyl blue or azure 
B the dye salt does not alter the pH value of the sap while the dye 
absorbed by the chloroform from the dye solution at pH 9.2 increases 
it. 

Spectrophotometric determination shows that the absorption curves 
characteristic of crystal violet are obtained with the dye in buffer 
solutions at pH 9.2 or at pH 5.5, or with the dye which was absorbed 
by the chloroform from these solutions. 

V 

Theoretical Considerations 

Do these facts help us to understand why azure B enters the vacuoles 
of living cells of Nitella rapidly while methylene blue and crystal violet 
penetrate very slowly? 
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The results show that in aqueous solution azure B exists chiefly in 
two forms, the dye salt and free base, while methylene blue and crys¬ 
tal violet exist chiefly in one form. They also show that azure B 
penetrates chiefly as free base and not as salt. Since the free base of 
azure B predominates over the salt at higher pH values, the rate of 
penetration of the dye increases as the external pH value rises. The 
increase of free base over salt depends on the “apparent dissociation 
constant” of the dye. 

As soon as the dye in form of free base passes through the protoplasm 
and comes in contact with the sap in the vacuole, the greater portion 
of it is converted into the dye salt. The extent of this conversion is 
dependent on the basicity of the dye, and on the constituents of the 
sap (such as the hydrogen ion, organic salts, and protein). With 
NUella sap, the chief factor controlling the conversion is the pH value 
of the sap. Owing to the low pH value of the sap and to the appar¬ 
ent dissociation constant of azure B, the free base of the dye is con¬ 
verted to the salt to such an extent that only a very small proportion 
of the dye exists in the sap as free base. At equilibrium the concen¬ 
tration of free base of the azure B in the sap is proportional to that of 
the free base of the dye in the external solution, so that the higher the 
concentration of the free base outside, the higher is the concentration 
of the total dye (free base and salt) in the sap. This explains why 
at equilibrium the concentration of the total dye in the sap is found 
to be higher when the pH value of the external solution is raised or 
the concentration of the dye is increased. 

Why is it that the free base of the dye penetrates more rapidly than 
the dye salt? In these cases the living cells of NikUa behave as if 
the rate of penetration of the dye into the vacuoles is controlled by 
three phases only, that is, the non-aqueous layer lying between the 
external aqueous phase and the internal aqueous sap in the vacuole. 
The rate of penetration is partly controlled by the partition coeffici¬ 
ents of the dye at these two phase boundaries. Azure B free base, for 
example, diffuses into the non-aqueous layer readily because the par¬ 
tition coefficient K, of this form of dye between the non-aqueous layer 
and the external solution is high. But no matter how high the K, 
is, the dye cannot diffuse into the vacuole unless the partition coeffi¬ 
cient Ki of the free base between the non-aqueous layer and the sap is 
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low or the free base is largely converted by the sap into another form, 
the Ki of which is low. With azure B, the free base is predominantly 
converted to the salt, the Ki of which is low, so as to promote a rapid 
penetration and accumulation of the dye in the sap. The rate of 
penetration of dye will be greatly reduced by increasing the pH value 
of the sap and so causing less transformation of free base to the salt. 

The exit of the dye may also be accounted for on the same theoreti¬ 
cal basis which explains why the rate of exit is hastened with a de- 
aease in the external pH value. 

Methylene blue does not penetrate the vacuole readily because it 
exists as salt even at a high pH value such as pH 9.2, and the parti¬ 
tion coefficient of the dye salt is low. 

The reason crystal violet does not penetrate the vacuoles readily, 
though the partition coefficient Ke is high, is because the partition 
coefficient Ki of the dye is also high. The results indicate that crys¬ 
tal violet exists only in one form in the range of pH values available 
for living cells of Nitella (between pH 5 and pH 9.2), so that there is 
no such transformation of free base into the salt as shown by azure B. 
It is uncertain whether the crystal violet exists as salt or as free base. 
From the structure it appears to be a strongly basic dye, but owing to 
its solubility in lipoid it may be a very weak base. In case it is a weak 
base, it is too weak to increase the pH value even of the distilled water. 

Owing to the penetration being dependent (at least in part) on more 
than one partition coefficient, the theory was called the “multiple par¬ 
tition coefficient theory.^^® It is uncertain yet whether this non- 
aqueous layer is lipoid in nature but its behavior is very much like 
that of lipoid. This theory is not identical with Overton’s even if the 
non-aqueous layer proves to be a lipoid because Overton considered 
only one partition coefficient, K^, between the non-aqueous layer and 
the external solution. His theory is tenable in so far as those dyes 
which are not soluble in lipoid do not readily penetrate the vacuoles 
of these living cells, but it fails to explain why those dyes which are 
soluble in a lipoid do not readily penetrate. In the case of crystal 
violet, for example, it becomes explainable only when the second par- 

* For the theory of multiple partition coefficients see Irwin, M., Proc. Soc. Exp. 
Biol, and Med., 1927-28,25, 127; J. Gen. Physiol., 1927-28, 11, 111; 1928-29, 12, 
147,407. 
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tition coefficient, Ki^ is considered. Furthermore, the accumulation 
of the dye in the vacuole cannot be explained on the basis of his theo' y. 

Such instances show the simplest type of penetration. In more 
complicated cases we must consider other partition coefficients. In 
view of the fact that a living cell of Nitella consists of a heterogeneous 
system composed of an outer non-aqueous layer (in contact with the 
external solution), the middle aqueous layer of the protoplasm, the 
inner, non-aqueous layer (in contact with the sap in the vacuole), 
and the aqueous sap, the rate of penetration may be controlled by two 
or more of the four partition coefficients. The discussion of these 
cases will be deferred to a later publication. 

SUMMARY 

Glass electrode measurements of the pH value of the sap of cells of 
Nitella show that azure B in the form of free base penetrates the va¬ 
cuoles and raises the pH value of the sap to about the same degree as 
the free base of the dye added to the sap in vitro, but the dye salt dis¬ 
solved in the sap does not alter the pH value of the sap. It is con¬ 
cluded that the dye penetrates the vacuoles chiefly in the form of free 
base and not as salt. 

The dye from methylene blue solution containing azure B free base 
as impurity penetrates and accumulates in the vacuole. This dye 
must be azure B in the form of free base, since it raises the pH value 
of the sap to about the same extent as the free base of azure B dis¬ 
solved in the sap in vitro. The dye absorbed by the chloroform from 
methylene blue solution behaves like the dye penetrating the vacuole. 
These results confirm those of spectrophotometric analysis previously 
published. 

Crystal violet exists only in one form between pH 5 and pH 9.2, 
and does not alter the pH value of the sap at the concentrations used. 
It does not penetrate readily unless cells are injured. 

A theory of ‘^multiple partition coefficients” is described which ex¬ 
plains the mechanism of the behavior of living cells to these dyes. 

When the protoplasm is squeezed into the sap, the pH value of the 
mixture is higher than that of the pure sap. The behavior of such a 
mixture to the dye is very much like that of the sap except that with 
azure B and methylene blue the rise in the pH value of such a mixture 
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is not so pronounced as with sap when the dye penetrates into the 
vacuoles. 

Spectrophotometric measurements show that the dye which pene¬ 
trates from methylene blue solution has a primary absorption maxi¬ 
mum at 653 to 655 mu (i.e., is a mixture of azure B and methylene 
blue, with preponderance of azure B) whether we take the sap alone or 
the sap plus protoplasm. 

These results confirm those previously obtained with spectrophoto¬ 
metric measurements. 




[Reprinted from The Journal of General Physiology, September 20, 1930, 
Vol. 14, No. 1, pp. 43-541 
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Hemochromogen and the Cyanide Compounds of Reduced Heme 

Four pyrrol groups can combine to form a porphyrin. There are 
many different porphyrins with different side chains (Fischer, 1927). 
Each porphyrin can combine with iron to form a heme. The familiar 
hemin crystals arc composed of the chloride of the particular iron- 
porphyrin or heme which is part of hemoglobin. Hemochromogen is 
defined as a pigment containing heme whose spectrum has the two 
characteristic bands first described by Stokes (1864). 

In previous papers (Anson and Mirsky, 1925, 1928) it was shown 
that (1) Every hemochromogen consists of reduced heme joined to 
some nitrogen group; (2) Hemochromogen is always partly dissoci¬ 
ated into and in equilibrium with its two components: 

Hemochromogen ^ Reduced heme + Nitrogenous substance; 

(3) Ordinarily, nitrogen substances react with reduced heme to form 
only one hemochromogen-like pigment. Cyanide, however, can react 
with reduced heme to form two different hemochromogen-like pig¬ 
ments; (4) The first cyanide compound of reduced heme contains one 
cyanide group per heme. 

These results have been confirmed and evidence further given that 
the second cyanide compound contains two cyanide groups per heme 
(Hill, 1929). 

The properties of cyanide are such as to permit of the estimation of 
the composition of the two cyanide compounds of reduced heme. But 

' 309 
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it has not been clear what the relation is of these two compounds, both 
of which resemble hemochromogen spectroscopically, to an ordinary 
hemochromogen such as globin hemochromogen. The nitrogenous 
substances other than cyanide have the advantage of forming with 
heme only a single hemochromogen-like pigment which is undoubtedly 
a typical hemochromogen. But the properties of the other nitroge¬ 
nous substances, as will be explained later in this paper, are such as to 
make difficult and uncertain the estimation of the compositions of the 
hemochromogens which they form from heme. As a result it has not 
been known whether hemochromogen in general contains one or two 
nitrogen groups per heme and it has not been known which of the two 
cyanide compounds is the typical hemochromogen, or why cyanide in 
particular forms two compounds with reduced heme. It was stated 
in the previous paper (Anson and Mirsky, 1928) that the relation of 
the cyanide compounds to ordinary hemochromogen was being studied 
by an investigation of the reactions of cyanide with heme in the pres¬ 
ence of other nitrogenous substances. 

The present experiments show that cyanide can react with globin 
hemochromogen in two entirely different ways. First, cyanide with¬ 
out displacing globin can combine with globin hemochromogen. In 
this reaction cyanide is not competing with globin for a place of attach¬ 
ment to the heme; it is behaving not like a typical nitrogenous hemo- 
chromogen-forming substance but probably like carbon monoxide. 
In addition, however, cyanide can displace globin from its combination 
with heme just as can ammonia and other nitrogenous substances 
(Anson and Mirsky, 1925, 1928). In the light of these results, the 
simplest although not the only explanation of the reactions of cyanide 
with heme in the absence of globin is that cyanide first combines with 
heme to form a typical hemochromogen containing one nitrogen 
group per heme and then combines with this cyan-hemochromogen 
just as it combines with globin hemochromogen. 

The Biological Importance of the Hemochromogens 

The biological interest in the chemistry of hemochromogen used to consist 
solely in its relation to the chemistry of hemoglobin which was the only heme 
pigment of known physiological importance. It is now clear that hemochromogens 
as such axe of wide distribution and peculiar importance in nature. Pigments 
related to hemochromogen are present in aerobic tissues of plants and animals 
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generally in concentrations great enough to permit of direct spectroscopic obser¬ 
vation (MacMunn, 1886; Keilin, 1925, 1926; reviewed in Anson and Mirsky, 
193()b). In addition the investigations of Warburg and his colleagues show that 
there is universally present in much smaller amount another substance related to 
heme and probably to hemochromogen which plays an essential r61e in the catalysis 
of biological oxidations (reviewed in Warburg and Negelein, 1929, and Anson and 
Mirsky, 19301)). 

The study of the heme pigments in nature has depended entirely on a knowledge 
of the chemistry of pure known heme compounds in vitro. It is therefore impor¬ 
tant to know as much as possible about the kinds of reactions in which heme pig¬ 
ments can take part. In particular the ability of heme to react with nitrogen groups 
is significant. Aerobic cells contain a substance which can catalyze oxidations. 
The catalysis stops when this respiratory enzyme is combined with carbon monox¬ 
ide and goes on again when the carbon monoxide is dissociated from its compound 
with the enzyme by light (Warburg, 1926). Similarly heme ciin catalyze oxida¬ 
tions in vitro and it forms with carbon monoxide a catalytically inactive compound 
which can be dissociated by light. But the catalytic activity of the heme so far 
tried is much less than that of the cellular enzyme and the sensitivity of the heme’s 
carbon monoxide compound to light is also much less. When heme is combined 
with some nitrogenous hemochromogen-forming nitrogen group then the catalytic 
activity of heme and the sensitivity of its carbon monoxide compound to light are 
very much increased (Krebs, 1928). In other words, combination with a nitrogen 
group makes heme more like the cellular respiratory enzyme (reviewed in Warburg 
and Negelein, 1929, and Anson and Mirsky, 19v^0b). 

The Reactions of Globin and Cyanide with Heme 

In the present experiments different amounts of cyanide are added 
to reduced heme in the presence of different concentrations of globin. 
From the spectra of the resulting solutions it can be decided when the 
cyanide is competing with globin for a place on the heme molecule and 
when the cyanide is not competing with globin. Before describing 
the experiments in detail it is necessary to recall what has already been 
shown to happen when either globin or cyanide alone is added to 
reduced heme. 

If denatured globin is added gradually to an alkaline solution of 
reduced heme the spectrum of reduced heme is gradually and finally 
completely replaced by that of globin hemochromogen. The addition 
of further globin then causes no further change in the spectrum (Anson 
and Mirsky, 1928). If cyanide, however, is gradually added to 
reduced heme there appears first a typical hemochromogen spectrum 
whose a band is 50 A to the blue of that of globin hemochromogen. 
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But then on further addition of cyanide there appears a second two- 
banded spectrum similar to but definitely different from that of a 
typical hemochromogen. The a band is 100 A to the red of that of 
globin hemochromogen and is much weaker than the a band of either 
globin hemochromogen or the first cyanide compound. This second 
cyanide compound obtained by adding an excess of cyanide has long 
been known (see spectrum in Oppenheimer’s Handbuch, 1909). 
The first cyanide compound, which can exist only in a narrow range of 
low cyanide concentrations, was not observed until recently (Anson 
and Mirsky, 1928). 



Fig. 1. Positions of a bands of pigments obtained on adding cyanide to globin 
hemochromogen. 

The Reactions of Cyanide with Globin Hemochromogen 
The new experiments are these: 

1. To a dilute alkaline solution of globin hemochromogen prepared 
from hemoglobin (0.0084 per cent or 0.000005 N in respect to the iron 
of hemoglobin) there is added more and more cyanide. The a band 
is shifted more and more to the red, until after a shift of 100 A it has 
reached the position characteristic of the second cyanide compiound of 
reduced heme prepared by adding cyanide to heme in the absence of 
globin. (See Curve 1. In order to give a simple picture of all the phe¬ 
nomena in one graph, the graph has been made schematic and grossly 
inaccurate. The actual observations are given in the tables.) 
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2. More and more cyanide is added to globin hemochromogen in the 
presence of extra globin, the total globin concentration being 0.00004 n 
instead of 0.000005 n. The band moves to the red until when the 
cyanide concentration is 0.002 n, the band is 42 A to the red of the 
band of globin hemochromogen. Doubling the cyanide concentration 


TABLE I 


CN 

N 

Position of a band — A to red of 5585 A 

Globin » 0.0004 n 

Globin -■ 0.00004 n 

Globin - 0.000005 N 

0 

0 

0 

0 


18 

18 

16 


27 

28 

26 


33 

34 

33 


39 

40 

44 


41 

42 

49 


43 

43 


0.01 


48 


0.02 

42 

57 



TABLE II 


CN 

Globin 

Position of a band — A to red of 5585 A 

Globin — 0.00008 n 

1 Globin - 0.00004 n 

Globin 0.00002 M 

0 

0 

■ 1111 ^^ 

0 

125 

45 



250 

48 


48 

500 

57 

57 

57 

1,000 

69 

66 

65 

50,000 



100 




No globin 




100 


(making it 0.004 n) now causes no further change in the spectrum. 
But the addition of still more cyanide causes the band to move to the 
red again. (See Curve II.) 

3. Finally, more and more cyanide is added to globin hemochromo¬ 
gen in the presence of a concentration of globin ten times greater still, 
namely 0.0004 N. Until the cyanide concentration is 0.004 n the 
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results are precisely the same as with the solutions containing ten times 
less globin. But whereas in the more dilute globin solution further 
addition of cyanide causes the band to shift to the red, in the solution 
0.0004 N in respect to globin the cyanide concentration must be 
increased from 0.004 n to 0.04 n before the band is shifted to the red 
again. (See Curve III.) 

4. Whenever the globin concentration is greater than 0.00004 n, the 
cyanide concentration is less than 0.002 n, and the band is accordingly 
less than 42 A to the red of the band of globin hemochromogen, the 
position of the band depends solely on the cyanide concentration. 
Increasing the globin concentration has no effect on the spectrum so 
long as the cyanide concentration is kept constant. 

5. Whenever the cyanide concentration is greater than 0.002 n and 
the band is more than 42 A to the red of the band of globin hemochro¬ 
mogen, the position of the band depends solely on the ratio of the 
concentrations of cyanide and globin. Increasing the cyanide con¬ 
centration has no effect on the spectrum provided only that the globin 
concentration is increased to the same extent. 

6. The nature of the mixed spectrum given by a solution containing 
two different pigments depends on how far apart are the bands of the 
pigments. If the bands arc far enough apart they do not fuse com¬ 
pletely but can be distinguished separately in the mixed spectrum. 
For instance, the a bands of the first and second cyanide compounds of 
reduced heme which are 150 A apart can both be seen in the spectrum 
given by a mixture of the two cyanide compounds (Anson and Mirsky, 
1928). If the two bands of the two pigments are close enough to¬ 
gether, however, they fuse to give a single band whose maximum ab¬ 
sorption is at some wave length intermediate between the wave lengths 
at which the two individual pigments have their maximum absorptions. 
The more of one of the pigments is present the closer will the position 
of the intermediate band be to the band of that pigment. Thus the a 
bands of oxy and carbon monoxide hemoglobins (Hartridge, 1912) 
and of globin and ammonia hemochromogens (Anson and Mirsky, 
1925, 1928) fuse to give intermediate bands whose positions are 
determined by the compositions of the mixtures. Finally, the bands of 
two pigments may not be close enough to mix to give a single inter¬ 
mediate band and still not far enough apart for two points of maximum 
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absorption to be distinguished easily in the mixed spectrum. In such 
cases the mixed spectrum has a band much broader than the band of a 
single pigment and this band becomes more and more asymmetrical 
as the relative concentration of one of the pigments in the mixture is 
increased. 

In general the same mixed spectrum which is seen when one looks 
through a single cell containing a solution of two different pigments is 
also seen when one looks at the same time through two cells, one 
containing a solution of one pigment alone, the other containing a 
solution of the other pigment alone. 

If one looks through two cells, one containing a solution of globin 
hemochromogen, the other a solution of the second cyanide compound 
of reduced heme, one sees a very broad asymmetrical band. It is 
impossible by means of optical mixtures of the spectra of globin 
hemochromogen and the second cyanide compound to imitate the 
single bands given by solutions of cyanide plus globin hemochromogen. 
All the spectra actually observed, however, can be imitated by means 
of optical mixtures of the spectra of globin hemochromogen, thesecond 
cyanide compound and the product with the band 42 A to the red of 
the band of globin hemochromogen. 

Two conclusions arc drawn from the new facts: 

1. Cyanide can combine with globin hemochromogen without compet¬ 
ing with or displacing globin to form a pigment with an a band 42 A 
to the red of the band of globin hemochromogen.^ In this reaction it is 
not behaving as a typical nitrogenous hemochromogen-forming sub¬ 
stance but probably like carbon monoxide. 

Globin Globin 

Heme^ + Cyanide ^ IIeme(^ 

Cyanide 

2, Cyanide can further react with cyanide-globin hemochromogen 
to form the second cyanide compound of reduced heme which contains 

' Hill (1929) has observed an analogous pigment obtained by adding both nico¬ 
tine and cyanide to heme. lie believed that every hemochromogen contains two 
nitrogen groups per heme and that the compound of nicotine and cyanide with 
heme is a typical hemochromogen which happens to contain two different nitrogen 
groups. 
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two cyanide groups per heme. In this reaction cyanide is competing 
with and displacing the typical nitrogenous substance, globin. 


Globin 


Heme 




Cyanide 


\ 


+ Cyanide ^ Heme* 


/ 

\ 


Cyanide 


Cyanide 


+ Globin 


From Curve I alone one might suppose that cyanide in reacting 
with globin hemochromogen simply displaces the globin and forms the 
second cyanide compound of reduced heme. On this basis any inter¬ 
mediate a band observed must be the result of the fusion of the a bands 
of globin hemochromogen and the second cyanide compound. This 
theory is disproved by the fact that one cannot imitate the observed 
spectra by means of optical mixtures of the spectra of globin hemo¬ 
chromogen and the second cyanide compound. To explain the mere 
existence of single intermediate bands one must assume the existence of 
a new compound with a band between the bands of globin hemochro¬ 
mogen and the second cyanide compound. Since the compounds of 
heme with either globin or cyanide alone do not have such a band, the 
new compound probably contains both globin and cyanide. 

Curve III shows that cyanide first reacts with globin hemochromo¬ 
gen to form a new compound with a band 42 A to the red of the band 
of globin hemochromogen and only then reacts further with this new 
compound. The extent of formation of the new compound is inde¬ 
pendent of the globin concentration, so globin is not being displaced. 
The new compound therefore contains globin as well as cyanide, a 
conclusion already drawn from Curve I. 

If the new compound contains globin, and if cyanide reacts with the 
new compound to form the second cyanide compound which does not 
contain globin, then this reaction must involve the displacement of 
globin by cyanide. In confirmation of this the extent to which the 
second cyanide compound is formed from the new compound of* cya¬ 
nide and globin hemochromogen depends solely on the cyanide to 
globin ratio, which is precisely what one would expect were the 
cyanide and globin competing for the heme. 

The reason why Curve I deviates from Curves II and III even before 
the cyanide concentration reaches 0.002 n is now clear. If the globin 
concentration is low enough some globin is displaced by cyanide even 
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if the cyanide concentration is not high enough to convert globin 
hemochromogen completely into cyanide-globin hemochromogen. To 
separate the two reactions the globin concentration must be above a 
certain minimum. Theoretically the two reactions can never be 
separated completely. 

The fact that cyanide can displace globin from its combination with 
heme is most simply explained in the assumption that cyanide can 
react like a typical nitrogenous substance such as globin. This 
assumption, however, is not a necessary one. The affinity of hemo¬ 
globin for carbon monoxide depends on the hydrogen ion concentra¬ 
tion ; carbon monoxide and hydrogen ions compete for the hemoglobin 
and can displace each other. Yet these two groups do not react with 
hemoglobin in the same way. In all probability, carbon monoxide 
combines with the iron and the hydrogen ion does not, but combines 
with a group close to the iron and so influences the aflinity of the iron 
for carbon monoxide. 


Experimental Procedure 

It remains to describe in detail the manner in which the values put down in the 
tables were obtained. In all cases the solutions were at 0°C. in a cold room, the 
final concentration of NaOH was 0.5 n, solid sodium hydrosulfite (Na 2 S 204 ) was 
added as a reducer, and the bands read after 5 minutes with a reversion spectro¬ 
scope (Hartridge, 1912). In some cases the bands were read again after several 
hours. No change was found. The purpose of the strong alkali was to bring 
out the hemochromogen-forming capacity of globin (Anson and Mirsky, 1928). 

The three solutions of Table I were 0.000005 n, 0.00004 n and 0.0004 n in re¬ 
spect to globin. The 0.000005 N solution was prepared by adding 2.5 ml. of 0.2 
N HCl to 1 ml. of 8.5 per cent horse carbon monoxide hemoglobin and then diluting 
with NaOH. This solution was accordingly 0.000005 n in respect to globin, heme 
and iron. The 0.00004 n and 0.0004 n solutions contained 0.00001 n globin and 
heme from hemoglobin and in addition denatured globin prepared by the oxalic 
acid-acetone method (Anson and Mirsky, 1930a). 

The 0.00008 n solution of Table II contained 0.00002 n globin and heme from 
hemoglobin and in addition 0.00004 n globin prepared by the acetone method. 
To obtain the 0.00004 n and 0.00002 n solutions, the 0.00008 N solution was diluted 
with 0.5 N NaOH. 

The band 42 A to the red of the a band of globin hemochromogen is a sharp 
band intermediate in intensity as well as in position between the a bands of globin 
hemochromogen and the second cyanide compound of reduced heme. 

When the cyanide to globin ratio reaches 1,000 the band begins to be too as 5 nn- 
metrical to be read with the reversion spectroscope. 
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Alkaline solutions of hydrosulfite attack the cements which were tried, includ¬ 
ing de Khotinsky cement. The decomposition products of the cements influence 
the spectra. This difficulty was avoided by using cells made of paraffin blocks 
and pieces of glass microscope slides. Such cells can be made in a few minutes. 
From paraffin blocks 1.5 cm. or 3 cm. thick depressions are melted out with a hot 
iron. These depressions are closed on the sides of the blocks by melting in pieces 
of glass. To make a double cell to permit looking through two solutions at 
once, a piece of glass which is to act as a partition is first melted between two 
blocks of paraffin. If cells only a few millimeters thick are desired, it is better 
to place slightly softened but not melted paraffin between two pieces of glass which 
are then pressed together in a vise until they are the desired distance apart. 
The glass sides of the cell are thus automatically made parallel. Finally some 
of the paraffin is melted out to form the cell. 

The Nature of the Two Cyanide Compounds of Reduced Heme 

A priori there are four possibilities in regard to the nature of the 
two cyanide compounds of reduced heme. Neither of the two cyanide 
groups may be a t 3 ^ical nitrogenous hemochromogen-forming group; 
both may be; cyanide may be acting as a typical nitrogenous group in 
forming only the first; or in forming only the second compound. The 
present experiments do not decide conclusively which of these four 
possibilities corresponds to the truth. What has been made clear is 
that cyanide can combine with heme in two different ways. In one 
reaction it does not compete with or displace globin; in the other it 
does. In the light of these results and of the fact that the spectrum 
of the first compound is similar to that of globin hemochromogen and 
,the spectrum of the second compound is similar to that of cyanide 
globin hemochromogen, the simplest theory is that the first compound 
is a typical hemochromogen and the second compound a compound of 
cyanide with cyanide hemochromogen. 

The Composition of Hemochromogen 

If the first cyanide compound of reduced heme which has one 
cyanide group per heme is a typical hemochromogen, then it is proba¬ 
ble that hemochromogens in general contain one nitrogen group per 
heme. It would obviously be desirable to confirm or refute this con¬ 
clusion by independent investigation of the composition of some hemo¬ 
chromogen whose nitrogenous substance forms only one hemochromo- 
gen-like compound with heme. The attempts to do this have not 
yet led to any conclusive results. Von Zeynek found by analyses of 



M. L. ANSON AND A. E. MIRSKY 


319 


the precipitates that ammonia hemochromogen (1898) contains one 
nitrogenous group and pyridine hemochromogen (1910) two nitroge¬ 
nous groups per heme. But such direct analyses must remain of dubi¬ 
ous significance until it is shown that in the preparation of the 
precipitates no hemochromogen-forming nitrogen groups are split off 
from the heme and no non-hemochromogen-forming nitrogen groups 
added to the carboxyl groups. 

Two molecules of pyridine must be added to each molecule of heme 
in order to convert heme into pyridine hemochromogen (R. Hill, 
1926, 1929). If all the pyridine added were combined with the heme 
this would mean that pyridine hemochromogen contains two pyridines 
per heme. But some of the pyridine added must be free to drive the 
equilibrium: 

Pyridine hemochromogen Heme -f- Pyridine 

to the left. It cannot be decided from HilPs experiments whether or 
not this free pyridine is negligible. In dilute solution of the pigment 
the concentration of free pyridine needed to prevent visible dissociation 
of the hemochromogen may be determined. It is not known whether 
the same concentration of free pyridine is needed to prevent visible 
dissociation of the hemochromogen in the concentrated solutions 
actually used. As has already been pointed out (Mirsky and Anson, 
1929) the equilibrium is complicated by the aggregation and precipita¬ 
tion of both pyridine hemochromogen and reduced heme: 

Pyridine hemochromogen ^ Reduced heme + Pyriiline 

i i 

Precipitation or aggregation of the hemochromogen would drive the 
equilibrium to the left and so reduce the concentration of free pyridine 
needed to prevent detectable dissociation of the hemochromogen. 
Precipitation of the heme would have the opposite result. It is not 
known what effect concentration has on the relative velocities and 
extents of the aggregation of the two pigments. 

Dr. Northrop has suggested that it might be possible to estimate the 
free pyridine in a solution of pyridine hemochromogen by shaking the 
aqueous solution with a solvent which does not mix with water but in 
which pyridine is soluble, estimating the total pyridine in this solvent, 
and then calculating the free pyridine in the water from the distribu¬ 
tion constant. 
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Cyanide and Carhylamine 

Warburg, Negelein and Christian (1929) have recently described 
some reactions of carbylamine with hemoglobin which in some ways 
resemble the reactions of cyanide with heme. Carbylamine can 
combine with hemoglobin in two different ways. In one reaction it 
competes with carbon monoxide, in the other it does not. Native globin 
in hemoglobin is not behaving like a typical nitrogenous substance 
such as ammonia or denatured globin. Whether one of the carbyl- 
amines is behaving like a typical nitrogenous substance has not yet 
been determined. 


Conclusions 

Cyanide can react with globin hemochromogen in two different 
ways. In the first reaction cyanide combines with globin hemochro¬ 
mogen without displacing or competing with globin. In the second 
reaction cyanide displaces globin. 
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THE ACCUMULATION OF ELECTROLYTES 
I. The Entrance of Ammonia into Valonia macrophysa 

By WM. C. cooper, Jr., and W. J. V. OSTERHOUT 
{From the Labor atari es of The Rockefeller Institute for Medical Research) 
(Accepted for publication, June 25, 1930) 

Experiments on the penetration of NHs into Valonia macrophysa^ 
carried out in Bermuda in 1924-27, are described in the present paper. 
The interpretation of these results will receive further discussion in 
subsequent articles. 

In order to ensure uniformity of material and of sea water a large number of 
cells, collected at the same time, were kept under the same conditions and all the 
sea water used for these cells and for the experiments was collected at the start and 
kept in carboys. The average volume of the cells was about 0.5 cc. 

The experiments were carried out in stoppered bottles each containing 2400 cc. 
of solution with about 50 cells in each bottle. When the bottles were placed in 
the ocean they were fastened beneath a specially constructed raft so that the 
light received was mostly reflected from the whitish coral sand of the bottom. 
In the experiments in the laboratory direct sunlight was avoided. Growth and 
absorption of ammonia were more rapid in the ocean. 

The temperature in the ocean varied from 20° to 25°C., but in the course of any 
one experiment the variation was not more than 2° or 3°C., except in those lasting 
several weeks. In experiments carried on in the laboratory the variation was 
much greater. 

The NH4CI was added to the sea water in the form of a solution, 0.6 molar or 
normal in NH4CI; the pH value of the sea water was adjusted by the addition of 
HCl or NaOII. After exposure to the sea water containing NH4CI, the sap was 
collected by means of a pipette having a sharp point which was thrust into the cell 
(in order to avoid loss of NH3 by suction, the sap was forced into the pipette with 
the fingers). Care was taken in collecting the sap to use some large and some small 
cells so that the sap^ could be considered as taken from an average cell of about 0.5 
cc. When suflSrient sap had been extracted, it was blown out into a small beaker 
and covered. Two 5-cc. samples (for zero point determinations there were three) 
were pipetted out for sodium-potassium determinations, two 1-cc. samples for 

^ For analysis of the sap see Osterhout, W. J. V., J. Gen. Physiol. ^ 1922-23, 5, 
225. 
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ammonia, two 1 -cc. samples for halide, and a single 1 -cc. sample for pH and 
sulfate. The samples for sodium-potassium analysis were stored in quartz, the 
others in pyrex vessels. The samples for ammonia determination were at once 
acidified to prevent escape of NHj. 

Analysis of the various samples was made according to standard procedures; 
potassium was determined as potassium perchlorate (accurate with quartz vessels, 
to within 0.1 per cent): sodium by indirect analysis as sodium chloride (accurate to 
within I per cent); ammonia (total) by colorimetric determination as NHgjI'HjO 
after distillation of the ammonia from the strongly alkaline solution and subsequent 
Nesslerization (distillation was necessary because the turbid condition of the 
Nesslerized raw sap made color estimation exceedingly difficult); halide was deter¬ 
mined by the Volhard method; the pH values were determined colorimetrically, 
allowing for the salt error by adding NaCl to the standard buffer solutions. 

For the volume measurements, each cell was carefully dried with cloth and filter 
paper and weighed rapidly to milligrams, then placed in 0.005 m NH 4 CI sea water 
in a specific gravity bottle which was then immersed in a thermostat and allowed to 
come to a temperature of 25^C. The bottle was then dried and weighed to milli¬ 
grams. From these weighings the cell volume was calculated. Such cells were 
photographed in groups (under water) to facilitate future identification, the 
volume of each being noted on the photograph. 

When NH4CI is added to the seawater it soon appears inside the cell,* 
where its concentration may become over 40 times as great as the sea 
water, thereby lessening the specific gravity of the sap* so much that 
the cells, leaving their normal situation on the bottom, rise to the 
surface, where they continue to grow. The change in the specific 
gravity of the sap is shown in Fig. 1.^ 

Experiments were made to determine the rate of penetration at 

* For experiments on the penetration of NH3 into Va/onia see Brooks, M. M., 
Fud. Ilcalth Reports^ Washington, D. C., 1923,38, 2074; for experiments on other 
cells see Warburg, 0.,Z. physiol. C/icw., 1920,66,305; Harvey, E. N., Carnegie 
Institution Publication, 1914, No. 183, p. 131; Irwin, A!., /. Gen. Physiol., 1925- 
26,9,235; Jacobs, M. H., Harvey Lectures, 1926-27, p. 146. 

* C/. Cooper, W. C., Jr., Dorcas, M. J., andOsterhout, W. J. V., J. Gen. Physiol.,^ 
1928-29,12, 427. Osterhout, W. J. V., Some fundamental problems of cellular 
physiology, New Haven, 1927. This curve is based on experiments in the labora¬ 
tory. 

* The change is more rapid when the cells, enclosed in bottles, are placed in the 
ocean; this may be due in part to light {cf. Ploagland, D. R., and Davis, A. R., 

J . Gen. Physiol, 1923-24, 6 , 47; Hoagland, D. R., Hibbard, P. L., and Davis, A. R., 

J. Gen. Physiol, 1926-27,10, 121 . 
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various pH values. Since the initial rate is most easily interpreted 
the experiments were limited to 10 minutes which is as short a period 
as is practicable. 

In each bottle containing 120 cc. of solution were placed 6 cells (each cell con¬ 
taining about 0.2 cc. of sap). Cells were selected as far as possible of the same size 
and shape. The bottles were placed on a slowly revolving wheel to keep the con¬ 
tents stirred. Ordinarily this treatment produced no injury which could be 



Fig. I . Time curves showing the decrease in the specific gravity of the sap during 
the penetration of ammonia from sea water (at pH 8.3) containing 0.005 m 
NH4CI. 


detected during the experiment or by subsequent observation (during several days) 
of cells kept in sea water. The ammonia (i.e., NII3 + NH4OH -f NIU'*') of the 
sap of untreated cells (about 0.0006 m) was subtracted from the ammonia 
values of the sap of treated cells to give the values shown in Fig. 2. The pH value 
of the sea water was adjusted by adding NaOH or HCl; the total ammonia of 
the sea water was kept constant. 

The results are shown in Fig. 2 and it is evident that as the concen¬ 
tration of the undissociated base (j.e,, NHj + NH4OH) increases the 
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rate’ of penetration of ammonia (total) also increases. But it is not 
easy to determine just how closely they agree. If we knew the rate of 
penetration when the total ammonia (i.e., NHs + NHiOH + NH4+) is 
present as the undissociated base (NHs + NH4OH) it would be easy 
to see whether the rate is reduced to one half when the concentration of 
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Fig. 2. Shows the increase in concentration of total ammonia in the sap after 
an exposure of 10 minutes (at 21® ± 1®C.) to sea water containing 0.01 m NH 4 CI 
at various pH values. Broken line, observed values; continuous line, calculated 


curve for dissociation of NH4OH + NHj in distilled water 

Kb = Since it happens that the inflection points of both curves lie at 


approximately pH 9.26 they have been made to coincide there: at that point the 
ordinate of the observed curve is 0.00275 m and this point is taken as 50 per cent 
of the calculated dissociation curve (whose inflection point and 50 per cent dis¬ 
sociation point coincide). 


the undissociated base is reduced to one half, but unfortunately we 
cannot safely perform experiments at a sufficiently high pH value 
to ensure that practically all of the ammonia is present in undisso¬ 
ciated form (even at pH 10.1, which is as high as we have gone, less 

* Experiments with dead cells show little or no effect of pH value on penetration. 
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than 87 per cent of the total ammonia is regarded as present as the 
undissociated base). 

It seems probable that in the absence of complicating factors the 
curve might resemble the equilibrium curves® for H 2 S and CO 2 , so that 
the inflection point would occur where the rate of entrance and the 
per cent of undissociated base was one half the maximum. We find 
that the point of inflection of the rate curve occurs at pH 9.25, which 
corresponds fairly well to the point (9.26) at which one half the total 
ammonia is in the form of the undissociated base (NHs + NH4OH) 
as calculated from conductivity data of solutions of ammonia in dis¬ 
tilled water.^ This would suggest that the initial rate of entrance 
reaches SO per cent of its maximum when the undissociated base 
reaches 50 per cent of its maximum concentration. 

In order to compare the two curves we have made them coincide 
at their inflection points as shown in Fig. 2. 

We should expect the point of inflection of the dissociation curve to occur at a 
somewhat higher pH value in sea water on account of the greater ionic strength. 
In order to determine approximately this value for sea water NH 3 was circulated 
in a closed glass vessel (designed by Dr. Grinnell Jones® to whom our thanks are 
due for allowing us to use his invention in advance of publication), containing on 
one side ammoniacal sea water and on the other, distilled water to which sufiicient 
NaOH had been added to bring the pH value above 12 under which conditions all 
of the ammonia exists as the undissociated base (NHa -f NH 4 OH). The total 
ammonia was kept constant and the pH value of the sea water was varied by adding 
HCl or NaOH; after equilibrium had been attained at any given pH value a 
sample was taken of the ammoniacal water in equilibrium with the ammoniacal 
sea water and the ammonia determined by colorimetric comparison. We therefore 
made measurements which gave a curve indicating that the inflection point, i.c., 
the point where half the total ammonia is in the form of the undissociated base, 
is in the neighborhood of pH 9.5. 

If the rate of entrance of ammonia is proportional to the external 
concentration of the undissociated base we might expect the curves to 
coincide, but this could be true only if the internal pH value remained 
constant. If, for example, the pH of the sap were kept constant at 12 

« Cf. Osterhout, W. J. V., J. Gen. Physiol., 1925-28,8, 131; Osterhout, W. J. V., 
and Dorcas, M. J., J. Gen. Physiol., 1925-26,9,255. 

^ This gives = 10”^^ — Kb = 9.26 and K 5 = 4.74. 

* Jones, G., J. Am. Ch&m. Soc., 1928,50,1600. 
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SO that the entering ammonia did not dissociate inside, there would be 
no complications, but with sap at lower pH values a part of the enter¬ 
ing NHs would be transformed to ions and, therefore, the back pressure, 
or the tendency of the undissociated base to return to the sea water, 
would be diminished. In other words-, the rate of penetration of 
ammonia would be a function not only of the external pH but of the 
internal pH as well.® 

Our experiments show that the entrance of NHg raises the internal 
pH value rapidly (Fig. 3), this effect being greater the higher the con¬ 
centration of undissociated ammonia in the sea water. Hence we 
expect the rate to be relatively higher at the lower pH values of the sea 
water because under these conditions there is a smaller penetration of 
ammonia and consequently less effect on the pH of the sap (normally 
about 5.8). This would increase the ordinates of the curve progres¬ 
sively toward the left^® and consequently make the slope of the curve 
less steep, i,e,, like that of the observed curve.^* 

The fact that the initial rate of penetration increases when the con¬ 
centration of undissociated molecules increases suggests that it is 
chiefly undissociated molecules which penetrate, but it has been 
pointed out elsewhere that this does not necessarily follow.^^ It does 
indicate that the penetrating substance is NHs or NH4OH or the ion 
pair NH4+ + OH , rather than NH4CI whose rate of entrance would 
not be expected to increase as the external pH value increases. 

That the substance penetrating at the start is largely NH* (or 

® Cf. Osterhout, W. J. V.,7. Gen. Physiol.^ 1929-30,13,261. 

We should expect a similar effect if penetration depended on chemical com¬ 
bination of undissociated molecules with some constituent of the protoplasm (or on 
absorption), since the amount of the compound formed would determine the 
rate of penetration and this would increase more and more slowly as the external 
concentration of undissociated molecules increased. 

This can easily be seen by making the ordinates of the dissociation curve pro¬ 
gressively larger as we go toward the left and then multiplying all the ordinates 
by the same factor so as to make the maximum ordinate the same as for the dis¬ 
sociation curve. 

This results from the fact that if the ion pair NHi^ -f OH“enters, its penetra¬ 
tion is proportional to the ionic activity product (®NH 4 ) X (®OH) * K (®NH 40 H), 
so that as the penetration of the indissociated base increases that of the ion pair 
will also increase. Cf. Osterhout, W. J. V., J. Gen. Physiol., 1929-30,13,261. 
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NH4OH) rather than NH4CI is rendered quite certain by the data 
given in Fig. 3, showing the rise in pH value as the total NH 3 in the sap 
increases (for it is evident that the penetration of NH4CI would not 
produce such an effect). The pH value of the sap soon reaches a 
maximum^^ and may subsequently fall off in a gradual manner. 

As has been said already, the increase of undissociated ammonia 
does not raise the rate of penetration of ammonia as much as would be 
expected if there were no change in the internal pH value. The time 



J)eys 


Fig. 5. Time curves showing increase in concentration of total ammonia and of 
halide, and decrease in the concentration of potassium during the penetration of 
ammonia from sea water (at pH 8.3) containing 0.005 m NH 4 CI. 

curves in Fig. 4 bear out this statement. These curves do not reach 
a true equilibrium, for the cell keeps on growing; furthermore, when 
the concentration of NH3 in the sap reaches a certain point (less than 
0.3 m) injury causes it to come out.^^ 

With 0.001 M NH4CI in the sea water this is 6.6, with 0.01 M NH4Cl]it is 
8.2, the pH value of the sea water being 8.0. 

1 ^ C/. Irwin, M., J, Gen. Physiol, 1925-26,9,235. 
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Fig. 5 shows that as the total ammonia in the sap increases, the con¬ 
centration of potassium in the sap falls off, and measurements of vol- 
ume^*^ indicate that the decrease was not due merely to the absorption 
of water but that some potassium actually diffused out of the cell. 
The behavior of Na is not yet certain: further experimentation is in 
progress. 

Fig. 5 also shows that the initial entrance of ammonia is accompanied 
by an increase in the concentration of halide, which soon reaches a 
fairly constant value dependent on the external pH. In the absence 
of ammonia in the sea water, there is no such variation in the halide 
of the sap with change in the external pH. 

It may be added that the growth of the cells is increased by the 
addition of NH4CI to the sea water. 

SUMMARY 

When 0.005 M NH4CI is added to sea water containing cells of 
Valonia macrophysa ammonia soon appears in the sap and may reach 
a concentration inside over times as great as outside. It appears 
to enter as undissociated NH3 (or NH4OH) and tends to reach a 
pseudoequilibrium in which the activity of undissociated NH3 (or 
NH4OH) is the same inside and outside. 

When ammonia first enters, the pH value of the sap rapidl}'' rises but 
it soon reaches a maximum and subsequently falls off. At the same 
time there is an increase of halide in the sap which, however, does not 
run a parallel course to the ammonia accumulation, but it comes to a 
new equilibrium value and remains constant. 

The increase in NH3 in the sap is accompanied by a decrease in the 
concentration of K. 

As NH 3 enters the specific gravity of the sap decreases and the cells 
rise to the surface and continue to grow as floating organisms. The 
growth of the cells is increased. 

The cells grow faster when NH3 is added to the sea water. 




(Reprinted from The Journal op General Physiology, September 20, 1930, 
Vol. 14, No. 1, pp. 127-138] 


THE VARIATION OF ELECTRICAL RESISTANCE WITH 
APPLIED POTENTIAL 

II. Thin Collodion Films 

By L. R. blinks 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Accepted for publication, June 12, 1930) 

I 

Analogies to certain physiological phenomena have been observed in 
the behavior of collodion membranes. Collander,^ Michaelis,* and 
Northrop* have reported resemblances in the penetration of certain 
substances; Michaelis^ has shown the similarity of the potential differ¬ 
ences of such membranes to those of apple skin and other cuticle; 
Labes and Zain® have imitated with collodion tubes such bioelectric 
effects as current of injury, polarizations in direct current, and the 
phenomena of electrotonus. 

Furthering these analogies, the present paper amplifies some obser¬ 
vations previously made® on very thin collodion membranes, which 
resemble the protoplasm of Valonia cells under some conditions'^ in 

* Collander, R., Soc. sci, Fenniaij comment, hiol.y 1926, 2, 1; KoUoidchem.Beih,, 
1924,19,72. 

* Michaelis, L., and Weech, A. A,, J. Gen. Physiol.^ 1928-29, 12, 55. See also 
Fujita, A., Biochem. Z., 1926, 170, 18. 

* Northrop, J. H., /. Gen. Physiol.y 1927-28,11,233; 1928-29,12,435. 

® Michaelis, L., /. Gen. Physiol.y 1925-28, 8, 33; Bull. National Res. Council, 
1929, No. 69,119. 

® Labes, R., and Zain, H., Arch. exp. Path. u. Pharm., 1927, 125, 29, 53; 126, 
284,352. 

® Blinks, L. R., Proc. Soc. Exp. Biol, and Med.y 1928-29, 26, 359. Shortly after 
the publication of this preliminary note, Ebbecke (Physiological Congress, Boston, 
1929) described similar effects with collodion, stating that the current across a 
membrane from HCl to salt was greater than from salt to HCl. 

7 Blinks, L. R., J. Gen. Physiol.y 1929-30,13, 793. 
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having an apparent resistance to direct current which varies with the 
voltage and the direction of an applied potential. 

The conductance of collodion membranes was found by Michaelis® to 
vary greatly and characteristically with the solution of electrolyte in 
contact with them. His membranes, thoroughly imbibed by long 
washing, were usually in contact with the same solution on both sides. 
When they separated two different solutions (as in the experiments* 
where the transfer number of ions in the membrane was determined) 
there was at first a change of resistance with time, necessitating the 
adjustment of the current by a ballast resistance. This change was 
ascribed chiefly to polarization at the platinum electrodes. 

In the present experiments, the most marked effects were found 
when the membranes separated two different solutions of different 
conductivity, such as HCl and KCl. The resistance then depended 
upon which ions were carried across the membrane, and the potential 
gradient under which they moved. It is believed that the changes are 
those of real ohmic resistance and that they present no phenomena 
requiring any special properties of collodion to explain, since the effects 
may be seen in other systems. The collodion film is thus used merely 
to obtain a very short conducting system separating two different 
solutions. 

A rise of resistance always occurs when ions of lower mobility are 
moved into a conductor and supplant those of higher mobility. De¬ 
vices for maintaining a constant current in a tube of electrolyte under 
these conditions are used in the determination of transport number by 
the ‘‘moving boundary’’ method,^* A similar effect is more strikingly 
seen when a current passes through a fine capillary, filled with KCl 
solution and dipping into sea water; the resistance then rises when the 
positive current passes inward, and falls, when, it passes outward. 
This is an effect which must be controlled in the experiments performed 
with cells impaled on capillaries.^^ 

* Michaelis, L., Green, A. A., and Wecch, A. A., /. Gen. Physiol., 1928-29,12, 
473. 

* Michaelis, L., Weech, A. A., and Yamatori, A., /. Gen. Physiol,, 1926-27,10, 
685. 

^*Longsworth, L. G., and Macinnes, D. A., /. Opt. Soc. Am. and Rev. Sd. 
Instr., 1929,19,50. 

Blinks, L. R., /. Gen. Physiol., 1930-31,14,139. 
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In both the above cases the limits are represented by the resistance 
of the conductor when totally filled with one or the other solution. 
They tend to be reached at all current densities, the rise being slower 
with small voltages than with large. When sharp boundaries are 
maintained, this must be strictly true. But under very small poten¬ 
tial gradients the boundaries become less sharp, and backward diffusion 
will prevent the complete substitution of one solution for another. (A 
heating effect may further contribute to this diffuse boundary at very 
high current densities.) 

The most satisfactory explanation for the apparent equilibrium at 
any given potential in these collodion membranes is that a boundary 
of greater or less sharpness is formed, composed of different proportions 
of the ions involved. This maintains itself under the two opposed 
gradients of potential and diffusion, and as long as these remain con¬ 
stant, the character and position of the boundary is unchanged, giving 
a constant resistance. When either is changed the resistance changes. 
The process is exaggerated by the extreme thinness of the membrane, 
so that the boundary has but to move a short distance to the right or 
left in order to completely fill the membrane with one or the other 
electrolyte. 


II 

The membranes were prepared from ordinary Merck’s collodion U, S. P.; or from 
Parlodion dissolved in 75 per cent alcohol, 25 per cent ether. The kind of collodion 
seemed to be immaterial for these effects. A small amount of the solution was 
poured upon a clean glass plate and another plate gently placed over it (avoiding 
bubbles), spreading the collodion into a film. The plates were then carefully slid 
apart and stood on end to dry. 15 minutes’ drying was often sufficient for these 
very thin films, but usually they were allowed a day or more. They adhere very 
tightly to the glass and may be stored in this condition. Usually, however, they 
were removed from the glass and stored spread out on filter paper. This was done 
by immersing the glass plates in water until the films were free (loosened, if neces¬ 
sary, by a camel’s hair brush) and floated to the top. They were then spread into 
a smooth sheet, and lifted out, supported on filter paper inserted from below. 
Dried flat they now remained slightly attached to the paper, and could be stored 
in folders until needed. 

From regions which showed brilliant red and green interference colors 2 cm. 
squares of paper and film were cut with shears and the film cemented over the ends 
of tubes for use. These tubes were usually of the Y-form shown in Fig. 1. One 
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arm of the Y was gently heated and the end ringed with the low melting point 
wax ‘Ticein** which adheres well to both glass and collodion. While still warm it 
was brought gently in contact with the square of collodion which formed a firm seal 
to the glass and came free of the filter paper. The other arm of the Y was filled 
with a plug of stiff agar gel, imbibed with the solution used in the Y-tube. The 
Y-tube was usually filled for a distance of about 1 cm. up the vertical neck. For 
emptying it was inverted and drained. Great care was needed to avoid vibration 
at all times as the thin membranes were easily broken by jar, even with the small 
head of liquid used. 

The arms of the Y-tube dipped into intermediate vessels filled with the desired 
solutions as shown. The electrodes were large ones of chloride-coated amalga¬ 
mated lead, and were practically free of polarization at any current density used 
in these experiments. No resistance changes of great magnitude were observed in 



Fig. 1. Diagram of apparatus for measuring resistance of collodion films. The 
membrane (Jlf) is cemented over one arm of the Y-tube, and separates the inner 
solution (/) from the outer solution (£). The other arm, plugged with agar (P), 
dips into the cup (B). U-tubes, plugged with agar (P), connect with the cups (C) 
into which dip the electrodes (L). 

the system of conductors leading up to the membranes. With both arms of the 
Y-tube plugged with agar the resistance of the system under various conditions 
was between 500 and 1500 ohms; it remained constant to 50 or 100 ohms during 
long current flows under applied potentials of as much a^ 4 volts. This value 
formed the base which was subtracted from the total resistance to give that of the 
membrane. The resistance was measured in the direct current bridge previously 
described.^* 

The membranes introduced resistances from a few hundred ohms (when there 
were large leajts) to several megohms, as measured under standard conditions (in 
contact with 1.0 m KCl solutions). Neither of these extremes showed the phenom¬ 
ena of variable resistance as strikingly as the membranes of intermediate values 
most of which, as used, ranged between 3000 and 50,000 ohms, under standard 


Blinks, L. R., /. Gen. Physiol., 1929-30,13,361. 
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conditions. With care the solutions in contact with the membrane could be 
changed 8 or 10 times, and a return made to the first resistance value when in con¬ 
tact with the initial solutions. Sometimes a jar or the passage of a large current 
itself suddently reduced the value of resistance under all conditions to a new level, 
at which the effects still took place, although often with a changed percentage. 
The resistance of the membranes had therefore to be checked frequently under 
standard conditions (in contact with 1 m KCl). When this was done a consider¬ 
able series of comparisons could be instituted. 

Ill 

When a small potential was applied to a membrane separating two 
solutions, a definite resistance was soon reached, at which the bridge 
maintained a constant balance. When the potential was changed, a 
new value was produced, either higher or lower, depending upon the 
direction and intensity of the potential gradient: 15 seconds was 
usually sufficient to reach this new constant level, and this time was 
chosen as a standard in which to make the balance. In some cases a 
longer time was required, but in general the values at 15 seconds repre¬ 
sented fully 95 per cent of the st 2 ady values. 

The largest absolute changes of resistance were usually found in 
freshly made membranes immediately after being sealed to the tubes. 
As an example, such a new membrane had a net resistance of 9500 
ohms when separating a solution of normal HCl inside the tube from 
sea water outside. This was the value when 50 mv. was applied to it, 
in such a direction that the positive current passed outward (from HCl 
toward sea water), moving H ions across the membrane. When the 
potential was increased in this direction the resistance fell further, reach¬ 
ing at 100 mv. 7800 ohms, and at 0.5 volt a value of 5200 ohms. At 
higher voltages the resistance became nearly constant at about 4800 
ohms. On the return to a lower applied potential the resistance rose 
again and at 100 mv. was 7700 ohms. The potential was now reversed 
so that the positive current passed from sea water inward to HCl. At 
50 mv. the resistance was 15,000 ohms; at increased voltages it rose 
rapidly, reaching at 0.5 volt 18,300 ohms, and at 3.3 volts 21,500 ohms. 
On the return to 100 mv. the value was 15,600 ohms. 

After this membrane had been placed in sea water for 2 days, the 
resistance rose only to about 15,500 ohms at the maximum inward 
potential. A day later, after many measurements had been made, the 
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range was from 500 ohms (current outward) to 5800 ohms (current 
inward). There had evidently been progressive injury which in¬ 
creased the absolute permeability to ions. But the percentage of 
resistance rise under the same conditions had increased, probably be¬ 
cause the current densities in the earlier experiments had not been 
sulBcient for sweeping out all H ions from the membrane. 



Fig. 2 , Variation of resistance with applied potential in a membrane separating 
molar solutions, as follows; 


Curve Outside solution Inside solution 

A .HCl HCl 

B . KCl HCl 

C. KCl KCl 

D . NaCl KCl 

E .. LiCl KCl 

F .LiCl LiCl 


Potentials increasing to the left of zero cause a flow of positive current inward; 
to the right outward. 


This experiment may be considered analogous to many biological 
cases, where a cell encloses sap of high electrolyte concentration and is 
surrounded by water of low electrolyte concentration. 

Even greater rises of resistance may be produced by greater dilutions 
of the sea water outside the membrane. But more useful information 
was gained by keeping the concentrations equal on both sides of the 
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membrane, and varying the composition of the solutions. In most of 
the experiments the concentration was kept at 1.0 molar, and chlorides 
only were employed, the cations being varied. Such a group of experi¬ 
ments is shown in Fig. 2 for HCl, KCl, NaCl, and LiCl. It is seen 
that the resistance increases in the order given. When two salts were 
separated by the membrane the resistance rose when the direction of 
the current was such as to carry the less mobile ions across the mem¬ 
brane, In general the highest value then reached (at high potentials) 



Fig. 3. Variation of resistance with applied potential in a membrane separating 
molar solutions of various kinds: Curve i4, HCl both sides; HCl outside, CaCh 
inside; C, KCl outside, CaCh inside; D, KCl outside, NaCl inside; F, NaCl inside 
and outside. The membrane had evidently been somewhat injured between 
Curves A and B, and between D and E, Potentials increasing to left of zero cause 
inward current, to right, outward. 

was a little lower than that found (at all potentials) when the mem¬ 
brane was exposed to the more poorly conducting solution on both 
sides. This showed that there was still some mixing of ions in the 
membrane at the highest potentials. The resistances of the mem¬ 
branes, when wholly imbibed with the given solutions, were about in 
the proportions of the specific resistances of aqueous solutions of the 
equivalent concentration. The membranes thus did not show any 
specific properties in exaggerating differences in ionic mobilities, such 
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as Michaelis found in his celloidin (Schering) membranes. The differ¬ 
ent kind of collodion, the higher salt concentrations used, and the 
thinness of the membranes may all account for the absence of this effect 
here. The membrane in 1 m LiCl had about twice the resistance it 
had in 1 M KCl, and in the latter had about three times that in 1 M 
HCl. The value with NaCl fell between KCl and LiCl, while in 1 m 
C aClj (Fig. 3) it had a slightly lower resistance than in 1 M NaCl. 
These are roughly proportional to the specific resistances of the solu¬ 
tions. 



Fig. 4. Variation of resistance with applied potential in a membrane separating 
molar solutions of HCl and KCl. Curve A, HCl on both sides; B, HCl outside, 
KCl inside; C, KCl outside, HCl inside; D, KCl on both sides. Potentials increas¬ 
ing to left of zero cause inward current, to right, outward. 

The alternating current resistance of these membranes was usually 
equal to that of direct current just where the curves crossed the line of 
zero potential. 

While the resistances are in general dependent on the solutions with 
which the membranes are in contact, and hence are reversible when 
the solutions are changed side for side, there are also slight, and some¬ 
times very large, asymmetries, which greatly distort the curves. 
Fig. 4 shows the values reached when KCl and HCl were applied to a 
membrane in four different combinations. With HCl inside the tube 
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and KCl outside the curve crosses the zero line at quite a different point 
from where it does with the opposite arrangement. The two curves 
also cross each other at a point about 300 mv. from the zero line. 

It is also to be noted that the curve D is distinctly rounded, with 
the highest resistances at the lowest potentials. This was often found 
to be the case in the membranes, and may be due to a widening of cur- 



Fig. 5. Anomalies in the variation of resistance with potential. Curves A and 
B are for a membrane with sea water on both sides. Curve A: potentials de¬ 
creased from left to zero, then reversed and increased from zero to right as shown 
by arrows. Curve B: potentials decreased from right to zero, while the current 
continued to flow. There is a hysteretic effect, the resistance remaining higher 
than during the increase of potential. To left of zero, however, with increase of 
potential during current flow. Curve B agrees well with Curve A. Curve C was 
taken after 0.5 M KCl had been substituted for sea water outside the membrane. 
The curve goes through a double inflection near the zero line. Potentials to left of 
zero cause outward current, to right, inward. 

rent paths under high potentials. But the opposite shape, with the 
resistance rising on both sides of zero was occasionally found, and is so 
far without explanation. Fig. 5 shows a case of this kind, and also 
illustrates two other anomalies. It is evident that the resistance rise 
is not symmetrical about zero potential, being mosUy confined to an 
inward current, deaeasing at first with outward currents, and finaUy 
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rising again at higher potentials. When 0.5 m KCl was substi¬ 
tuted for sea water on the outside of the membrane the curve went 
through a double inflection at the lower potential values. The re¬ 
mainder of the curve paralleled the sea water curve at slightly different 
absolute values. This double inflection was characteristic of several 
membranes just after solutions had been changed and is undoubtedly 
due to the establishment of new diffusion gradients in the membrane. 

Another anomaly, shown in Fig. 5, is the different shape of the 
curve on ascending and on descending potentials. In the descending 
arm {B) of the sea water curve, the current was allowed to flow con¬ 
tinually while the potential was decreased, not being broken between 
readings. These were made in the standard time (IS seconds) after 
the new potential was established across the membranes. It is seen 
that the resistance stayed at a much higher value at most potentials, 
and then began to decrease more rapidly, at the approach to zero. On 
the reversal of potential the original values were nearly duplicated. 

This delay, which resembles a hysteretic effect, is seen in another way 
when potentials are applied in rapid succession. While the same resist¬ 
ance level is eventually reached, this takes longer at the first applica¬ 
tion than at later ones following immediately after. Fig. 6 is a string 
galvanometer record of the bridge deflections, showing two applica¬ 
tions of the same potential to a membrane separating solutions of dif¬ 
ferent conductivity. In this case the less mobile ions were being car- 
. ried into the membrane by the current and the resistance rose during 
the flow of current. But the time to rise approximately to balance 
point (at break) was nearly 14 seconds, while the same point was 
reached in about 7 seconds on a new application, following 1 second 
after the first was broken. It is evident that during the 1 second be¬ 
tween potential applications much diffusion had occurred, which had 
reduced the resistance again, and unbalanced the bridge; but this had 
not gone as far as in the original condition, and it did not take as long to 
establish the new gradient in the membrane. Very similar hysteretic 
effects have been noted in Valonia cells,^ and the curves have much 
resemblance. 

Comparison of this record with those of living cells does, however, 
show a striking difference as respects the back e.m.f. of polarization. 
When present this appears on the string records as a large upward 
excursion of the image at the removal of an applied potential. In 
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/ViMa<^ and in normal Va/oniu this upward curve at “break” is nearly 
symmetrical with the downward movement at “make:” in this it 
resembles the curves for electrode iwlarization. Ilut the upward 
movement at break is nearly absent in the records for collodion, show¬ 
ing that the rise of resistance is one of “real” or ohmic resistance. 

In this re.spect these collodion membranes are in agreement with 
tho.se of Espermiillcr*' which were held only between metal plates, 
without any contact with solutions. 'J'he ions were there necessarily 


Zero 


I'lG. (). String giilvanomctcr record of bridge delleclions during two applica¬ 
tions of 0.5 volt to a membrane separating 1.0 m KCl from 1.0 m IK’l. (Positive 
current from KCl to HCl.) The image dellects from zero (no current in bridge) 
downward at the apiilication or “make” (i/) of the i)otcntial and rises as the 
resistance increases nearly to the balance point. At removal of the j)olenlial or 
“break” {B) there is a negligiijle back e.m.f. displayed as the image returns to zero. 
At the second make (M) the dellcction is less and the resistance rise is about twice 
as fast. At break [B), there is again a negligible back k.m.f. 'J'ime marks, 5 
seconds. 

derived from the collodion itself, and the resistance rose or fell as they 
were carried to one side or the other of the Him. Polarization was 
absent. 

IV 

The biological significance of the phenomena described for collodion 
will depend upon the relative roles played in living cells by the two 
components of any hindrance to the |)assage of direct current, d'hesc 
may be (1) a real ohmic resistance and (2) an k.m.f. of [)olarization. 

blinks, L. R., J> (roi. Physiol ., 1929^30,13,495. 

Rspermuller, E., Arch. lUcklrokch., 1928,21,148. 
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J3oth may occur in any conducting system and certainly the lirst is 
always present (with a possibility of variation). It would be possible 
to ascribe many of the observed resistance variations in living matter 
indirectly to variations in the bioelectric potential diilerence existing 
at the cell surface, which, by a small change of value (as at or near the 
zero point in these curves), might bring about a large change in the 
electrolyte content of that surface. This would atlect not only direct 
current measurements, but also those of low frequency alternating 
current in which the ohmic resistance of the membrane is more impor¬ 
tant than its capacity. A tempting hypothesis could thus be estab¬ 
lished on the relations between bioelectric potential and -electrical 
resistance. 

The evidence, however, for Valonia and Nitiila, as well as for 
many other organisms, indicates the greater importance of polariza¬ 
tion E.M.F.’s in the observed ‘Resistance’’ to direct current. The study 
of impaled Valonia cells'^ especially indicates the important role of 
these back e.m.f.’s. It is felt therefore that the mechanism of rise of 
resistance in the thin collodion films reported here does not completely 
represent that of the cells. It is, however, described since it 
may have a bearing upon other cases. It should further be noted 
that to a certain extent collodion furnishes a model for polarization 
potentials, inasmuch as Labes and Zain® found back k.m.f.’s of as high 
as 80 mv. developed by long passage of current through another type 
of membrane. Further study of these as a model of the Valonia cells 
is in progress. 

SLTMMAKY 

The resistance of very thin collodion membranes to direct current 
bears some resemblance to that of living cells since it varies with the 
applied potential. With membranes separating two different solu¬ 
tions the resistance varies with the direction (and the voltage) of the • 
applied potential, rising when less mobile ions are carried across the 
membrane and falling when more mobile ones are so carried. (With 
some membranes the resistance varies with potential when the same 
solution is on both sides.) These changes arc very prompt and regu¬ 
lar. There is a h> steretic effect of previous current flow. 

But the membranes differ from Valonia cells in that the rise of resist¬ 
ance is largely ohmic, there being little or no polarization potential. 



(Reprinted from The Journal of General Physiology, September 20,1930, 
Vol. 14, No. 1, pp. 139-162] 


THE VARIATION OF ELECTRICAL RESISTANCE WITH 
APPLIED POTENTIAL 

III. Impaled Valonia ventricosa 

By L. R. blinks 

{Frotn the Laboratories of The Rockefeller Ifistitute for Medical Research) 
(Accepted for publication, July 7, 1930) 

I 

In many freshly gathered cells of Valonia ventricosa the apparent 
resistance of the protoplasm to direct current varies with the value 
of the potential applied to measure itd It was further shown^ that 
the apparent resistance of a single layer of protoplasm in such cells 
depends also upon the direction of the current, falling somewhat when 
the applied potential is increased to carry the positive current outward 
across it, but rising greatly during the first increase of 100 mv. in the 
opposite (inward) sense. 

These directional effects were studied in cells in which the contact- 
region at one end had been killed with chloroform. They were there¬ 
fore limited to the time during which the intact end remained un¬ 
influenced by the diffusion of chloroform, or by the death of the other 
end. This was at most IS minutes to half an hour. In order to 
extend greatly the time of these measurements across a single layer 
of protoplasm, and to avoid the influence of toxic agents, a series of 
resistance measurements was made with F. ventricosa cells impaled 
upon fine glass capillaries. Through these the current was led into 
(or out of) the vacuole, and passed but once across the protoplasm to 
(or from) the surrounding sea water. 

It is recognized that the advantages of this method are balanced by 
the possible injury inflicted by the insertion of a capillary into the 
cell. It has already been noted^ that cells which have reached the 

1 Blinks, L. R., /. Gen. Physiol, 1929-30,13, 793. 

2 Blinks, L. R., /. Gen. Physiol, 1929-^30,13,361. 
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'"constant’’ state may be rendered again ‘Variable” (i.e., having an 
apparent resistance depending on the value of the applied potential), 
simply by impalement. However, the production of this state at 
will has contributed toward an understanding of its causes, and it is 
believed that an objective statement of the changes occurring as the 
cells remain impaled may be valuable. The formation of an "elec¬ 
trical seal” about the capillary has already been referred to in the 
static measurements of Osterhout, Damon, and Jacques.*»^ The 
present measurements of resistance and polarization during the flow 
of current across the whole protoplasmic film yield further criteria 
on the condition of impaled cells. 


II 

The present technique was directly adapted from that of Osterhout, 
Damon, and Jacques, the impalement being done under a slight pres¬ 
sure and a small hydrostatic head subsequently maintained to pre¬ 
vent the collapse of the cells. Various arrangements utilized are 
shown in Figs. 1, a, 6, and c. Supported by the capillary above, and 
by a ring of cork or glass below, the cell was held gently and motion 
upon the capillary was prevented. This immobility contributed 
largely to the prompt recovery and long life of the cells. The use of 
rather small cells (from 0.5 to 1 cm in diameter) was also helpful, 
since the protoplasmic film of larger cells seems to be much more 
Unstable, and breaks up into hundreds of tiny cells (inside the old 
cell wall) very promptly after mechanical injury such as pricking. 
Smaller cells (2 to 3 mm. in diameter) could sometimes be impaled 
without support from below (Fig. 1 £), 

The capillaries usually projected 2 or 3 mm. into the vacuole; they were about 1 
cm. long and had an outside diameter of 0.2 to 0.5 mm. They were drawn on the 
ends of i inch (or smaller) glass tubing, which, filled with artificial sap of Yclonia 
ventricosa^ formed the salt-bridge connecting the vacuole to one of the electrodes. 

* Osterhout, W. J. V., Damon, E. B., and Jacques, A. G., /. Gen, Physiol,^ 
1927-28,11, 193. 

* Damon, E. B., J. Gen. Physiol.^ 1929-30,13, 207. 

^This had the composition: 0.6 M. KCl, 95 parts, to 0.6 m. NaCl, 5 parts. For 
the original analysis of this sap see Cooper, W. C., Jr., and Blinks, L. R., Science, 
1928, 68, 164. 
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In this they resemble most of the so-called ''micro-electrodes,” which are generally 
microscopic only as respects the capillary point inserted into the cell, and are more 
properly micro-salt-bridges” connecting the cell interior to more or less distant 
electrodes of quite ordinary size.® This is indeed a more satisfactory arrange¬ 
ment than a minute metal surface, in any electrical measurement where polariza¬ 
tion is to be avoided; in the present studies particularly, where current How is 
purposely caused in order to produce the described effects, such polarization 



Fig. 1. Apparatus used for supporting the impaled cells of Vdonia. In each 
case the capillary is drawn on the end of a vertical tube which fits rather tightly 
in the cork stopper. It is filled with artificial saj). In a the cell is supported from 
below on a cork with llexible prongs, itself supported on a glass rod inserted firmly 
into the cork stopper. In b the support is the flared end of a glass tube similarly 
inserted. In c the cell is supported inside the narrow orifice of a wider glass tube. 
In d there is no lower support for the small cell. Except in a the electrodes arc 
of straight or coiled silver wire, inserted into the .sea water or artificial sap as shown. 
In a there are agar-plugged salt bridges connecting to lead electrodes (not shown). 


® But the silver plated quartz needle recently described by Sen is really a micro¬ 
electrode, Sen, B., Proc. Soc. Exp. Biol, and Mcd.^ 1929-30,27,310. 
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is inadmissible. It was found that very small electrodes of fine silver wire, chlo¬ 
ride-coated and introduced through the capillary into the vacuole of impaled cells, 
gave very erratic results and seriously distorted the observed effects. There was 
also the danger of injury to the protoplasm by minute amounts of silver or other 
salts dissolving from metal electrodes inserted directly into the vacuole for long 
periods of time, and the impossibility of cleaning and recoating the surface at 
frequent intervals while in the cell. Instead, more distant electrodes of much 
larger surface were employed and the desired currents obtained through the 
capillaries by the application of higher voltages. 

The electrodes were usually of straight or coiled silver wire (20-gauge) several 
inches in length, and inserted respectively into the sea water and into the artificial 
sap in the tube above the capillary (Figs. 1 If, c, d). They were cleaned and re¬ 
coated with chloride electrolytically at least once a day (or oftener when their 
polarization, measured with a blank capillary, warranted). In some of the studies 
even larger electrodes of sheet lead, amalgamated and chloride-coated, were 
employed; these dipped into separate vessels and were connected to the cell by 
agar-plugged salt-bridges, shown in Fig. 1 a. 

At either type of electrode, polarization was virtually absent during long flows 
of the largest currents used in the measurements (50 to 100 microamperes). 
Similar constancy of ohmic resistance was observed during such flows of current 
through the capillaries, either when these were in connection with artificial sap in 
a vessel, or with the natural sap of the vacuole. Thus in a cell killed immediately 
before measurement, the current was passed through a capillary inserted into the 
vacuole, for as long as 15 minutes, and in either direction, without significant 
change of resistance. Such constancy is of course essential for determining the 
amount of change in the living protoplasm. Very satisfactory agreement of this 
basal value from day to day was likewise found, the only fluctuations being such as 
were expected from 2° or 3° changes of temperature. 

The constancy of this resistance disappeared when the sap-filled capillaries 
were dipped directly into sea water, or remained in a dead cell long enough for the 
sea water to diffuse into the vacuole. In these cases the resistance rose when the 
positive current was passed inward, and reached a value about 20 per cent higher 
when most of the K+ ions had been supplanted in the capillary by the less mobile 
ions of the sea water. Such a diffusion of sea water into the sap is a sign of gross 
injury, and this effect was never found in healthy cells. Since the rise of resistance 
in the capillary is entirely ohmic, it is easily distinguished (by the absence of back 
E.M.F.) from the protoplasmic phenomena, which will later be shown to be largely 
reactive (i.e., due to the production of a back e.m.f.). 

Further check on the basal resistance of the capillary was given by alternating 
current measurements at a frequency (5000 cycles) where the impedance of the 
protoplasm was negligible. These gave very constant readings from day to day, 
independent of the changes of apparent resistance to direct current occurring in 
the protoplasm. 
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Depending upon the diameter and length of the capillary, this basal resistance 
(S) ranged from 10,000 to 100,000 ohms. In order to pass sufficient current 
through such capillaries to obtain the described effects in the protoplasm it was 
sometimes necessary to apply as much as 4 or 5 volts to the electrodes. The po¬ 
tential drop across the protoplasm was, of course, but a small fraction of this. 
The total applied potential (F), and the apparent direct current resistance (i2), 
were determined in the Wheatstone bridge previously described.^ This bridge 
also provided for the measurement of potential differences existing in the cell, 
either by compensating to zero with a series potentiometer, or by deflection of the 
direct reading detector (vacuum-tube electrometer with string galvanometer). 
This could be done at full sensitivity, with one arm of the bridge thrown out (open 
circuit), or, in the condition of balance, with sensitivity reduced one-half. 

The values of net protoplasmic potential difference were obtained by subtract¬ 
ing or balancing out the p.d. between the electrodes, due to the different chloride 
content of sea water and artificial sap. This p.d. was usually about 4 mv. 

For purposes of comparison with previous papers,b^ the results with Valonia 
veniricosa are here described. The cells were used in June, July, and August at 
Dry Tortugas, Florida, at temperatures between 25® and 30®C., and later in New 
York at lower temperatures with good agreement of the results. 

Further general agreement has been found in the behavior of impaled cells of 
V, macrophysa in the course of contnmed study at Bermuda, except that these 
cells show even larger polarization potentials, and recover more readily to a con¬ 
dition resembling the “constant^* state of intact cells. These are reserved for 
discussion in a later paper. 

As before, it is a pleasure to acknowledge the generous co-operation of the Car¬ 
negie Institution of Washington in offering the facilities of its laboratory at 
Tortugas. 


Ill 

This section describes the characteristic values of potential differ¬ 
ence naturally existing across the protoplasm of Valonia ventricosa. 
As indicated in a preliminary report,^ these differ somewhat from 
those of V. macrophysa as described by Osterhout, Damon, and 
Jacques.®'* Theoretically the values of bioelectric potential, de¬ 
veloped by the protoplasm in contact with different solutions, should 
have a close relation to the polarization potentials elicited by the flow 
of current to or from such solutions. This expectation has been 
justified in the correlation found between several types of polarization 
responses and the bioelectric potential which accompanies them. 

’ Blinks, L. R., Carnegie InsL Washington Year Book, 1928-29,28, 277. 
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We may indicate five typical stages of the bioelectric potential 
difference: 

( 1 ) 

Initial mechanical shock— p.d. 5 mv. or less (inside positive). 

This stage follows immediately after impalement and lasts from a 
few minutes to several hours, depending apparently on the degree of 
injury sustained. The earliest measurable p.d. (some 10 seconds 
after impalement) is about 5 mv.; this usually drops within a few 
minutes to nearly zero. There is then a slow recovery of 1 or 2 mv. 
per hour, this process passing into stage (2) without apparent break. 
But in occasional cases there may be a complete reversal of p.d. 
to about 30 mv. {outside positive). This usually occurs promptly 
after impalement, lasts but a few minutes and is as promptly recovered 
from. It seems to occur most frequently in cells which have already 
reached the ^^constant’^ state before impalement, and it is really a 
momentary example of stage (4), probably elicited by the breakdown of 
the outer layer {X) of the protoplasm.^ As X recovers or Y in turn 
breaks down, the p.d. returns to zero and the remaining slow recovery 
process ensues. 

It may be noted that the potential differences given for stage (1) are in good 
agreement with those observed by Taylor and Whitaker® soon after the insertion 
of a micro-electrode into the vacuole of Vdonia vcntricosa. They state that there 
was ‘‘a relatively rapid lowering of the potential difference, which was then fol¬ 
lowed by a gradual rise to a maximum .... Although the amount of voltage 
varied for different cells, we have estimated a mean value of the potential differ¬ 
ence between the cell sap of Vdonia and sea water to be about 0.002 volt. The 
charge of the cell sap of Vdonia was plus with reference to sea water.Had they 
followed the process longer there can be no doubt the p.d. would ha^-e been found 
to rise to values typical of stage (2). The necessity of such long waits for impaled 
cells to become stabilized was insufficiently realized for a long time, and probably 
also accounts for the low values (1 or 2 mv.) reported by Osterhout,® who first 
measured the p.d. in this manner in Vdonia^ and by Jost^° who repeated them. 
Umrath^^ has recently stated that his earlier reports for Nitella were likewise too 

* Taylor, C. V., and Whitaker, D. M., Carnegie Inst. Washington Year Bookj 
1925-26, 25, 248. 

*Osterhout, W. J. V., J. Gen. Physiol., 1925-26, 7, 561. 

Jost, L., Sitzber. Heid. Ak. Wiss., 1927, Abh. 13,1. 

^ Umrath, K., Proioplasma, 1930, 9, 576. 
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low for the same reason. This need of recovery was first pointed out by Osterhout, 
Damon, and Jacques.* In early experiments of the author to measure the electri¬ 
cal resistance of impaled cells, great ambiguity was met through similar neglect 
of the time factor, and the method was temporarily abandoned. 

( 2 ) 

The stage of recovery and normal potential: p.d. from 8 to 25 mv. 
with an average of 15 mv. (inside positive). 

This is reached within several hours to 2 days after impalement, and 
persists through the life of the cell, with a gradual decrease of value. 



Fig. 2. Composite graph of the p.d. measured across the protoplasm during the 
life of 34 impaled cells of Vdonia ventricosa in sea water. Each point is a single 
determination. The outer lines roughly enclose nearly all the scattered values, 
and the median line is drawn freehand to represent an average value. The p.d. 
is that of the vacuole, which is positive in the electrometer circuit to the sea water. 

Fig. 2 gives a composite picture of the course of these values for a 
representative group of cells. The variations from day to day might 
be several millivolts, but in general a given cell had a more or less 
constant p.d., and those which were apparently most healthy {i.e., 
dark green, turgid, and shiny) gave the highest values. 

It should be noted that this p.d. is in the same direction as that of 
V . fticLCfophysd similarly impaled and immersed in sea water, but has a 
normal value from 2 to 3 times as great. This is a specific difference, 
which if connected only with the higher potassium content of the sap 
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of y. ventricosaj must argue against a high mobility of I ion in the 
protoplasm, at least at the inner surface, since the i’.' increased in 
the wrong direction, the positive current tendi’ vv from sea 

water inward to the sap. The difference can p ' explained 

on the basis of 3 layers in the protoplasm.^ 

While stages (l) and (2) are the only ones necessam^ parsed through 
by the living impaled cells, there are two other stages which may 
temporarily be produced by special causes, and have important rela¬ 
tions to the polarization phenomena. These are: 

( 3 ) 

A stage of increased p.d. (inside positive), produced by the applica¬ 
tion of various solutions. The highest of these measured was: 

a) 100 millivolts (inside positive), produced by the immersion of the 
cell in artificial sap (such as employed in the capillary tube®)* This 
is almost instantly attained, remains from 1 to 5 minutes, and then 
more slowly falls away to 5 mv. or less (inside positive). Sometimes 
the initial rise is only to 40 or 50 mv. There has not yet been found 
the secondary rise shown by F. macrophysa at its first contact with 
its own sap, and this behavior more resembles the succeeding applica¬ 
tions of sap to that species.** The effect may be produced time after 
time in V.ventricosa if the cell is returned to sea water for several hours 
between exposures to sap. The rise of p.d. might be attributed to the 
high mobility of the K+ ion in the outer surface of the protoplasm, and 
its succeeding fall to the total imbibition of the latter with KCl destroy¬ 
ing the gradient of K*^ concentration across the outer surface. Proto¬ 
plasmic asymmetry might thus be said to exist after the exposure of 
cells to sea water, but to disappear upon their imbibition with sap. 
According to Damon's explanation^ for the shape of curves in succes¬ 
sive applications of sap to F. macro physa, the middle layer {W) of the 
protoplasm in F. ventricosa might further be considered always fairly 
well imbibed with KCl. 0.6 M KCl acts much like sap in these ex¬ 
periments. 

h) In addition to the large temporary increase of p.d. produced by 
sap, other, smaller, increases were produced by immersion of the cells 
in diluted sea water (1/10 sea water to 9/10 isotonic glycerine), and 
in 0.6 M MgSOi* In each case the p.d. rose to 35 or 40 mv. (inside 
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positive) and remained up for half an hour or longer. This increase 
is very much like the effect of dilute sea water on V. macro- 
physa}^ The direction of this increase argues for a higher mobility 
of some anion, presumably Cl~, in the inner surface of the protoplasm, 
since the gradient is greatly increased by these treatments. Im¬ 
mersion of the cells in 0.6 m NaCl promptly brings the p.d. nearly to 
zero, where it remains, and this could be ascribed to the abolition of the 
Cl~ gradient. 

We now come to a fourth typical and very interesting stage: 

( 4 ) 

Reversed potential: p.d. to 50 mv. {outside positive). 

This frequently occurs after a long exposure to dilute sea water or 
MgSO* solution, especially just after the cells are re-immersed in 
ordinary sea water. The change to this level is very rapid, sometimes 
being completed in a few seconds. The recovery from it is usually 
somewhat slower, and its total duration is seldom more than 5 or 10 
minutes. Its occurrence shortly after impalement in some cells has 
already been noted under stage (1). It may also be elicited after very 
large current flows, either of inward or of outward current. For the 
latter it is not in the direction of a counter e.m.f. and therefore is 
distinct from the polarization response. Its independence of the 
current direction, and its production under a variety of circumstances, 
suggests rather that it is in the nature of an “alteration” such as the 
temporary destruction of the outer protoplasmic layer (J)< (or 
the reduction of its e.m.f.), leaving the outwardly directed e.m.f. of Y. 
This alteration is not permanently injurious to the cell, and is indeed 
characteristically found in those cells most nearly “normal” or “con¬ 
stant” in their apparent resistance. Thus it is most frequently seen 
just after “constant” cells are impaled, and then again toward the end 
of stage (2) when the cells have recovered from the injury of impale¬ 
ment. The ease of its production may then actually become trouble¬ 
some in the measurement of bioelectric potentials. 

“ Damon, E. B., and Osterhout, W. J. V., J. Gen. Physiol., 1929-30,13,445. 
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( 5 ) 

The abolition of potential: (p.d., 1 mv. or less). 

This stage is reached on the death of the cell even before the proto¬ 
plasm is obviously disintegrated. It may be produced by long ap¬ 
plications of single salt solutions, or by heat, or by chloroform and 
other toxic agents. It is of no particular biological interest therefore, 
but serves as a check on the electrodes and on the experimental 
technique. 

IV 

We may now turn to the phenomena caused by the flow of current 
at these different stages. 

Stage (5) has already been referred to in the discussion of methods, 
and serves as a convenient check upon the constancy of the electrodes 
and of the capillary resistance. In impaled cells just killed by chloro¬ 
form, as much as 5 volts may be applied to the electrodes, and an 
approximately constant resistance measured during as long as a half 
hour of current flow in either direction. Neither electrodes, capillary, 
dead protoplasm nor cell wall introduce any significant change of 
resistance during this time. This shows that the heating effect of the 
current is negligible, and that migration of sea water into the vacuole 
is small. 

In stage (1) are found rather similar conditions, except that the 
' resistances tend to be slightly higher than those of the blank capillary 
before its insertion, and there is a feeble reaction, shown in the detec¬ 
tor as a small back E.M.r. at the break of the current (of either direc¬ 
tion). Occasionally there is a slightly higher apparent resistance to a 
small outward current than to an inward current, especially in cells 
where the reversion to stage (4) occurs. In general the effective 
resistance of the freshly impaled cells is so low as to be negligible at all 
current densities. This unexpected result in the early experiments of 
the author led to the temporary abandonment of the capillary method, 
since it could not be reconciled with the high effective resistance of the 
same cell measured just before its impalement. The low resistance is 
almost certainly due to leaks around the insertion of the capillary, 
but also to more profound changes in the entire protoplasmic surface. 
The nature of these changes begins to appear in the recovery process. 
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Stage (2). If now, after the cell had been impaled several hours, 
or as much as a day, a small potential (0.25 to 0.5 volt) was applied 
to the electrodes, the behavior was even more like that of stage (5) 
or a dead cell. The small reaction (back e.m.f.) shown in stage (1) 
had usually disappeared, and the resistance was essentially equal to 
that of the blank capillary before its insertion (or to the alternating 
current resistance measured at the moment). When the potential 
was increased in a direction to carry the positive current outward 
(from sap to sea water) across the protoplasm, this low resistance 
was maintained, even up to currents of 100 microamperes (caused by 
the application of 5 volts to a capillary of 50,000 ohms resistance). 



Fig. 3. Tracing from string galvanometer record showing deflections of the 
bridge detector during the flow of current inward across the protoplasm of an 
impaled cell of Valonia ventricosa. The upward movement is due to a rise of 
resistance, or to the appearance of an e.m.f. opposed to the applied potential. 
After the rise has occurred R is increased in 5 steps of 1000 ohms each to bring the 
detector to zero. At break there is a momentary upward movement due to the 
back E.M.F. R == 45,000 ohms, later increased to 50,000 ohms. Applied poten¬ 
tial, 1 volt. Detector sensitivity in open circuit as shown. Time marks, 1 second. 
M, make; B, break, (p.d. of cell was compensated to zero before the record.) 

Only when the current was reversed and passed inward across the 
protoplasm from sea water to sap was there a change of the apparent 
resistance. At slightly higher voltages, between 0.5 and 2 or more 
volts in these early stages, this change occurred rather suddenly 
(Fig. 3). At the critical voltage there was at first no response to the 
flow of current, but in from I to 20 seconds there began a rise of 
apparent resistance, at first slow, then very fast, then slower again, 
sometimes carrying the image o( the galvanometer fiber out of the 
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field. When this was brought back to the center by balancing the 
decade resistance box of the adjacent bridge arm, a steady state was 
now maintained as long as the potential was applied to the bridge. 
The amount of the rise varied from 1 or 2 per cent up to 10 per cent or 
more of the capillary resistance, andsometimes as much as 10,000 ohms 
additional resistance was required in the decade box to balance this 
apparent rise. What now occurs at the break of current, when the 
potential is removed from the bridge input terminals? In an ordinary 
resistance balance, through a wire resistance or through a blank capil¬ 
lary, the galvanometer image being brought to zero remains there 



Fig. 4. Tracing from string galvanometer record showing deflections of the 
bridge detector during applications of 1 volt to the cell of Fig. 3. R = 50,000 
ohms throughout, a, inward current, 3 applications, h, outward current. De¬ 
tector sensitivity in open circuit as shown. Time marks, 1 second. Jlf, make; 
B, break, (p.d. of cell was compensated to zero before the record.) 

when the potential is removed from the bridge. But in this case 
the image deflected greatly at the instant the outside potential was 
removed, and then returned slowly to zero again. Herein the cell 
resembled a platinum electrode, or a large condenser, and the deflec¬ 
tion at break was due to the accumulated charge, or polarization 
potential. This is shown in Fig. 3, together with the preceding rise of 
apparent resistance and the balance to zero. 

If, now, the decade box increment being retained and the bridge 
balance kept at the steady state value reached in Fig. 3, we apply 
the same critical voltage again, the record of Fig. 4 ensues. A rather 
long wait has followed the “break” of Fig. 3, so that the string image 
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is found now to be deflected approximately as far downward as it 
previously had risen upward. There is a delay of about a second at 
this level, and then the rise begins again, at first slowly, then more 
rapidly, finally flattening out at the center (zero) line representing the 
bridge balance. At removal of the potential from the bridge (“B”) 
there is again an upward deflection, due to the back E.M.r. When this 
has returned fully to zero for about a second, the potential is again 
applied to the bridge and again there is a deflection downward, which 
is much more rapidly recovered from, but still shows the double 
inflection of the first curve. Again there is an upward deflection at 



detector during applications of 1 volt to cell of Figs. 3 and 4, at a partially re¬ 
covered state, a , Outward current; by inward current; c, outward current. In the 
latter the first exposure causes a partial polarization, followed by a regression. K 
= 50,000 ohms until the 3rd exposure in c, when it is reduced in 1000 ohm steps to 
45,000 ohms. Detector sensitivity in open circuit as shown. Time marks, 1 
second. My make; By break. 

“break,” returning smoothly to zero. A third application after 
another second’s delay gives a smooth curve which has almost no hint 
of a double inflection and is nearly an image of the return curve at 
break. It now closely resembles the charge and discharge curves of 
a condenser connected in the bridge, or the polarization curves of a 
blank platinum electrode. It is evident that an ellect of previous 
flow of current persists from one exposure to the next, and that there 
has been a progressive change in the response of the protoplasm sug¬ 
gesting that of a change from a reversible electrode to a polarizing 
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electrode. This however, holds only for inward currents, and if the 
current be reversed through the cell we obtain the record of Fig. 4&. 
The galvanometer image deflects immediately downward, and stays 
there as long as the current flows. The downward deflection is due to 
the maintenance of the bridge balance at the augmented value of R 
caused by the inward flow of current. If the balance be returned to 
that of the basal resistance 5, the string image returns to zero, and 
there are no appreciable polarization phenomena either at make or 
break (f .e., the record is essentially a straight line). The protoplasm is 
apparently a perfectly reversible electrode to an outward current. 

This condition may prevail for many days after impaleirient. But 
sooner or later the protoplasm begins to polarize also to an outward 
current, and this is foreshadowed by the behavior shown in Fig, 5. 
The first section {a) repeats Fig. 46 for the bridge balance to the 
augmented state; there is seen to be no appreciable polarization with 
an outward current. The direction of the current through the cell 
was now reversed and the prompt polarization characteristic of the 
inward current was produced (Fig. 5 6). The exposure was repeated, 
with even quicker response. Now the current was again quickly 
reversed, and Fig. 5 c shows the response occurring with an outward 
current, followed by an immediate regression to the level of Fig. 5 a. 
On break there is little or no back E.M.F.,the image returning directly 
to zero without an excursion above the line. On the second applica¬ 
tion there is not even a temporary polarization, and the deflection is 
instant and complete. Finally the record shows the restoration of 
the bridge balance to the basal value (5) in steps of 1000 ohms. 

It is evident from this record that the protoplasm is still not ordi¬ 
narily polarizable to an outward current, but may be made so tem¬ 
porarily. Either by the movement of ions out of the protoplasm into 
the vacuole, or by the alteration of the protoplasmic properties, the 
previous inward current has left an effect which persists a short time. 
The further recovery process in the course of stage (2) has the same 
effect as this flow of current and Fig. 6 shows the response given at a 
later time by a cell that is beginning to polarize normally with currents 
in either direction. Fig. 6 a shows the prompt and s)mimetrical charge 
and discharge curves with the inward current. Fig. 6 b shows nearly 
an equal response with an outward current, but there is a succeeding 
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regression wWch begins at a lower potential than with the inward 
current. This in general represents the behavior of the cells for the 
remainder of their life upon the capillary. They give good polariza¬ 
tion with as low a potential as can be applied, and, for values up to 
about 0.5 volt (depending upon the resistance of the capillary) have a 
nearly constant apparent resistance with the current either direc¬ 
tion. Above this value the apparent resistance may fall off, more 
rapidly with outward currents than with inward ones. The break¬ 
down process is much the same in either case, being a regression of 
piolarization following a preliminary rise, and simply occurs at lower 



Fig. 6. Tracing from string galvanometer record showing deflections of bridge 
detector during applications of increasing voltages to an impaled cell of V. venlricosa 
which has reached the “constant” state. Applied potentials: 0.5, 1.0, and l.S 
volts, in the order given, a, Inward current; b, outward current. Detector sensi¬ 
tivity as shown (open circuit). Time marks, 1 second. M, make; B, break. 

current densities in the outward direction than in the inward. In this 
the cells in the recovered condition of stage (2) resemble “constant” 
intact cells which have been chloroformed at one end, and are con¬ 
sidered to have reached as nearly normal a state as the impaled cells 
ever do, having an apparent resistance that is independent of the 
applied potential up to the breakdown value. 

In stage (3), the condition of increased p.d. across the protoplasm, 
the relations of stage (2) still hold quite well. Most remarkable of 
all, the polarization response obtained v/hen the cell is immersed in 
artificial sap is about as great as when in sea water, and is charac¬ 
teristically even more rapid in its development, having a very abrupt 
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rise. After the exposure to sap has been continued for some time the 
polarization becomes less, and eventually may even be larger with an 
outward current than with an inward one. But for as long as half an 
hour after some cells have been immersed in artificial sap, their 
polarization response remained large and their apparent resistance as 
high as in sea water. It is difficult again to reconcile this result with a 
high mobility of K+ ion across the entire protoplasm, and it may be¬ 
come necessary to ascribe the effects to some unspecified ion, possibly 



Fig. 7, Tracing from string galvanometer record showing deflections of bridge 
detector during applications of 3 volts to the cell of Fig. 6. a, Inward current; 
b, outward current (in b the cell is reversed in bridge). In each case the appear¬ 
ance of the polarization e.m.f. at break is succeeded by stage (4) with a re¬ 
versed P.D. of about 50 mv. (outside positive). R = 38,000 ohms; open circuit 
sensitivity of detector as shown. Time marks, 1 second. M, make; break. 

existing only within the protoplasm, and not dependent upon the 
environment immediately supplied in the experiment. 

Finally we come to the anomalies of stage (4). These consist both 
in its production, and in the polarization phenomena which occur 
when it is established. Its production mechanically (by impalement) 
and chemically (by dilute sea water, etc.,) has been described above. 
Fig. 7 shows its production after the passage of large currents; in a 
after an inward, in b after an outward current. After the inward 
current, it has the same direction as the polarization potential and 
may normally add to the value of this. Certainly some frequent 
distortions of the return curve may be ascribed to a momentary 
production of this stage. But in the present case it forms a very 
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distinct level equal to about 50 mv., which persists for several seconds 
before returning to zero. In Fig. 7 6, after a large outward current 
has passed, there is first a large upward excursion due to the normal 
back E.M.F., but as this returns to zero there is a further movement, 
and the image goes below the zero line, again to an amount represent¬ 
ing about 50 mv. This is now contrary to the polarization e.m.f., 
and is therefore in the same direction as the applied potential, which 
had driven the current outward across the protoplasm. The p.d. 
of stage (4) is thus in reverse of the normal potential and is outside 
positive to the electrometer. (In Fig. 7 b this p.d. appears in an 
opposite direction from Fig. 7 a because the cell has been reversed in 
the bridge.) Whether it is caused by the outward flow itself, or by the 
return current from the large polarization charge, is still uncertain. 
In either case it could be explained by the temporary alteration of the 
outer layer (Z).** 

While in these records the reversed p.d. of stage (4) lasted only a 
few seconds, in other cases it remained long enough for measurements 
of effective resistance to be mode across the protoplasm while in this 
stage. As indicated before under stage (1), the usual polarization 
phenomena are now reversed, and the resistance appears to be greater 
to an outward current than to an inward one. This continues as long 
as the reversed p.d. remains, and then, as it begins to return to normal, 
polarization becomes more nearly equal in both directions and finally 
reaches that of the late stages of (2). 

Study of the records has shown that the p.d. of stage (4) is fre¬ 
quently driven approximately to zero by an outward current. Since 
this upward movement is characteristic of a back e.m.f., it would 
therefore appear to be a polarization, and would be measured as an 
increased resistance. On the other hand, the p.d. of stage (4) is but 
little increased by an inward current, and there is almost no back 
E.M.F. developed in excess of the existing p.d. (which, of course, is taken 
as the null point, either balanced out or used as a pseudo zero). Thus 
an apparent polarization of as much as 40 or 50 mv. to an outward 
current may really be due to the destruction of so much p.d. This 
illustrates a pitfall inherent in these measurements, which may have to 
be taken account of in other biological ‘‘polarizations.’’ That it is not 
entirely responsible for the total polarization to an outward current 
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has, however, been satisfactorily shown in Valonia macrophysa^ and 
will be considered more fully in a paper dealing with that species. 
Since an increased polarization to an outward current sometimes 
appears during the exposure of cells to artificial sep, when there is no 
reversal of p.d. across the protoplasm, further interest is added to its 
study. 

One question may remain concerning the recovery of impaled cells to a “con¬ 
stant'' state. May not the polarization apparently occurring with currents 
directed outward really be due to their passage inward across a film of protoplasm 
formed over the orifice of the inserted capillary? Aside from the difference of 
constant intact cells which have been chloroformed at one end, and which show 
much the behavior of recovered impaled cells, there is the great difference of 
current densities between the point of the capillary where the current enters the 
vacuole and over the general surface by which it leaves. The area of protoplasm 
formed over the end of the capillary could not be more than 0.1 mm.* while that of 
the cell surface is usually from 2 to 3 cm.*—a more than thousandfold difference. 
It is practically assured therefore that the relatively immense current density—a 
thousandfold greater—across the smaller protoplasmic film, if any, would break 
this down and render its resistance and reactance negligible. A ten to hundred¬ 
fold increase is sufficient to do this on the remaining surface, as will be shown in 
a later paper dealing with injury and recovery. There is also the fact that such 
a protoplasmic plug would be bathed on its outer surface with artificial sap from 
the capillary, which is quite sufficient to destroy the protoplasmic properties of 
normal cells after exposures of a day or two.® 

Still better evidence that such a film is not concerned is fortunately available, 
due to the straight open tubes employed in connection with the capillaries. With 
cells which had recovered to the “constant" state a fine platinum wire (attached 
on the end of a glass rod) was carefully inserted from above into the capillary, and 
a short distance into the vacuole. This was moved up and down gently and must 
have broken any plug which had formed. When the measurements were now 
repeated immediately after this probing the polarization effect was the same as 
before, and perfectly representative of the “constant" state as defined. 

V 

It has already become sufficiently evident that the apparent rise of 
resistance in the impaled cells is not real or ohmic, but is due to a 
polarization potential. This, decreasing the current through the 
system by opposing the applied potential, is therefore measured as 
increased resistance. The reality of this back e.m.f. is evident from 
the string galvanometer records, and its responsibility for practically 
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all of the apparent resistance rise is shown by the essential constancy 
of the alternating current measurements throughout the life of the 
impaled cells, independent of their effective resistance to direct 
current. 

This being so, the value of the polarization potential (in millivolts) 
becomes of more interest than the apparent resistance rise as measured 
in ohms. Several ways of determining this- by direct reading in a 
calibrated electrometer, by compensation with an opposed series 
potentiometer, or by measurement of the galvanometer deflection at 
the instant of break, as recorded photographically—have been em¬ 
ployed, and will be reported upon in the paper dealing with F. macro- 
physa. These methods all agree well with the calculation of the back 
E.M.i?., (P), from the known values of the applied potential (F), 
basal resistance (5), and apparent resistance (7?), in which form the 
data for V. ventricosa were mostly recorded. 

Thus in Fig. 3 where 

F - 1.0 volt 

S « 45,000 ohms and 

R « 45,000 ohms (at the initial balance), 

there is at first no back e.m.f. and hence no deflection of the detector. 
As the back e.m.f. builds up, the detector deflects upward, and 
reaches an apparent value of approximately 50 mv. Since the sen¬ 
sitivity of the detector to a p.d. in the cell is reduced one-half with the 
bridge closed,* this p.d. is therefore about 100 mv. The polarization 
potential appearing at “break” is also seen to go momentarily to this 
value. 

When now the bridge was balanced to the augmented steady state, 
in the five steps of 1000 ohms each, shown in Fig. 3., 

V - 1.0 volt 
5 = 45,000 ohms, but 
R = 50,000 ohms 

By the equation 

the polarization potential P - - 0.1 volt or 100 mv., 

which agrees with the directly-observed potential. 



TABLE I 


Value of Polarization Potential in the Protoplasm of Impaled Cells of Valonia 
ventricosa. {Calculated from Apparent Resistance to Direct Current) 


Stage 

Description 

P.D. 

of cell before 
current flow 

V 

Applied potential 
causing current: 

5 

Basal 
resistance 
of capil¬ 
lary, etc. 

R 

Apparent 
direct cur¬ 
rent resist¬ 
ance of 
capillary 
plus cell 

P 

Back 
E.M.7. 
of pro¬ 
toplasm 

In + 

Out -f 

1 

Inward 

Outward 



mv. 

mv. 

volts 

volts 

ohms 

ohms 

mv. 

1 

Immediately 

3.0 


o.s 


46,600 

46,600 

0 


after impale- 



1.0 j 



47,000 

8.5 


ment 



2.0 



46,900 

8.5 






0.5 


46,700 

1.0 






1.0 


46,900 

6.4 






2.0 


47,000 

17.0 

2 

Shortly after 

20.0 


0.5-1.5 


26,200 

26,200 

0 


impalement 



2.0 



27,500 

95 





2.5 



27,200 

92 





3.7 



26,900 

94 






0.5-3.7 


26,200 

0 


Partially re- 

15.0 


0.5 


22,500 

25,000 

50 


covered 



1.0 



25,300 

no 





1.5 



25,100 

155 






0.5 


23,000 

11* 






1.0-1.5 


22,500 

0 


“Constant’* 

12.0 


0.25 


35,500 

38,000 

16.5 


state 



0.5 



38,000 

33.0 





1.0 



38,000 

66.0 





1.5 



37,500 

80.0 






0.25 


38,000 

16.5 






0.5 


38,000 

33.0 






1.0 


37,500 

53.0 






1.5 


37,000 

61.0 

3 

In artificial sap 




1.5 

26,200 

27,200 

55.0 


5 minutes 

5.0 


1.5 



27,300 

60.0 


In artificial sap 

1.0 


1.5-3.7 

1.5-3.7 


26,200 

0 


20 minutes 








4 

P.D. reversed by 



0.25 


56.000 

56,200 

1.0 


dilute sea 



0.5 



56,100 

1.0 


water 


45.0 

1.0 



56,000 

0 






0.25 


65,000 

34.5 






0.5 


61,000 

41.0 






1.0 


59,000 

51.0 

5 

Cell killed by 


1.0 

0.5-3.0 

o 

d 

45,400 

45,400 

0 


chloroform 


i 







* Polarization occurs at first application only, and is followed by a regression to 
zero. 
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Table I gives further values of polarization potentials calculated 
by this means. It is seen that in the early stages of impalement these 
values are very small for small applied potentials, but increase 
suddenly and may reach values of 150 mv. or higher with inward 
currents. Later, smaller polarization potentials appear with currents 
of either direction, and for part of the range, are closely proportional 
to the values of the applied potential. This has the effect of pro¬ 
ducing a uniform apparent resistance and the cells may be called 
‘‘constant.” 

We may now with profit go back to the results with intact cells of 
Valoniaj^'^ and consider their apparent direct current resistance in the 
light of polarization potentials caused by the flow of current. Always 
taking account of the cell wall forming a constant shunt around the 
protoplasm, the apparent resistance of the latter was found to vary 
from less than 1000 ohms, in the freshly gathered “variable” cells,* 
to over 50,000 ohms in cells which had attained constancy of resist- 
ance.2 The dead resistance on the other hand was usually 50 ohms 
or less. Inserting this value (50 ohms) as 5, the real ohmic resistance 
in the preceding equation, we find in every case a very large factor to 
be multiplied into the applied poteiltial (F) to give the back e.m.f. 
(P). Thus when R == 1000 ohms and the applied potential is 20 mv., 
the back e.m.f., P = -20, or 19 mv. When, under the applica¬ 

tion of 100 mv., the resistance of the protoplasm in the variable cells 
has risen to 10,000 ohms,* an even larger factor results, and the back 
E.M.F., P = i^oVo * 100 = 99.5 mv. In “constant” cells having an effect¬ 
ive protoplasmic resistance of 50,000 ohms under the application of all 
potential differences from 10 to 100 mv., the back e.m.f.^s therefore 
so closely approach the applied potentials as to be essentially equal. 
The fact that these resistances begin to fall off at values between 
100 and 150 mv. shows that in the intact cells the maximum 
polarization potentials are about half these values (since two layers of 
protoplasm are measured in series). This agrees well with the maxi¬ 
mum values of 50 to 75 mv. developed by either inward or outward 
current in impaled cells which have reached a “constant” state. On 
the similarity of these potentials should the comparison between 
intact and impaled cells be based, rather than upon the apparent 
resistance levels. For it is obvious that while a back e.m.f. of 49.9 
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mv. can effectively reduce to nearly zero a current through the proto¬ 
plasm when 50 mv. is applied to an intact cell, such a back E.M.P. 
developed by the same initial current density in an impaled cell can 
only partly counteract a potential of one-half volt applied through 
the capillary. Thus a much larger current will continue to flow in the 
latter case than in the former, and to these differences of continued 
current density may be attributed some of the differences found 
between intact cells and impaled cells. The study of V. macrophysa 
has been particularly directed toward these differences, and the 
polarization potential will there be further considered in relation to 
the current density across the protoplasm. 

The quantity involved in these effects, as distinct from the intensity 
(e.m.f.) of polarization emphasized in this paper, is the capacitance 
of the protoplasm in its function as a condenser acquiring a charge 
during a flow of current. It early became evident that the capacitance 
of Valonia cells is very large, i.e., the quantity of electricity taken to 
charge them to a given potential is large and hence a long flow of 
current is required. Otherwise the records of charge and discharge 
could not be taken with a (relatively) slow-period instrument such as 
a string galvanometer. The fact that this instrument givvs good 
records of these curves at quite ordinary camera speeds (2 cm. per 
second) has greatly simplified their study. The time relations will be 
considered in a forthcoming paper along with the closely related 
alternating current measurements. But an indication of the quan¬ 
tities involved is given in such curves as are shown in Figs. 3,4,5, and 
6. The time course of these is often a second or more (as compared to 
one or two thousandths of a second in human skin”) and the time 
constant r (time for the potential of any part of the curve to change by 
^ of its value) may be 0.2 or 0.3 second. Since (when t is in seconds, 
r in ohms, and c in farads) t = r c; and r, the total bridge resistance 
through which the potential is discharged, is usually not over 100,000 
ohms, c, the effective capacitance of the protoplasm, is of the order 
of 2 or 3 microfarads. Thus for a cell of about 1 cm. diameter and 
some 3 cm.* surface, this is as high as 1 microfarad per cm.* 

It is interesting to note that capacitances of this general magnitude 

“Hozawa, S., Arch. ges. Physiol., 1928,219, 111. 
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were also found at the lower frequencies of alternating current, in 
experiments with Valonia made several years ago,^* and in later meas¬ 
urements to be published shortly. The figure is also in good agree¬ 
ment with that for red blood corpuscles (0.81 n F/cm.*) published by 
Fricke;^* and, less closely, with that of McClendon*® (9 juF/cm*.) 
for erythrocytes; and of Cole'^ for Arhacia eggs (1.02 /xF/cm.^ at 
350,000 cycles, or 18 /xF/cm.^, extrapolated to 1000 cycles). 

SUMMARY 

Electrical resistance and polarization were measured during the 
passage of direct current across a single layer of protoplasm in the 
cells of Valonia ventricosa impaled upon capillaries. These were 
correlated with five stages of the p.d. existing naturally across the 
protoplasm, as follows: 

1. A stage of shock after impalement, when the p.d. drops from 
5 mv. to zero and then slowly recovers. There is very little effective 
resistance in the protoplasm, and polarization is slight. 

2. The stage of recover)' and normal p.d., with values from 8 to 
25 mv. (inside positive). The average is 15 mv. At first there is 
little or no polarization when small potentials are applied in either 
direction across the protoplasm, nor when very large currents pass 
outward (from sap to sea water). But when the positive current 
passes inward there is a sudden response at a critical applied potential 
ranging from 0.5 to 2.0 volts. The resistance then apparently rises 
as much as 10,000 ohms in some cases, and the rise occurs more quickly 
in succeeding applications after the first. When the potential is 
removed there is a back e.m.f. displayed. Later there is also an effect 
of such inward currents which persists into the first succeeding out¬ 
ward flow, causing a brief polarization at the first application of the 
reverse potential. Still later this polarization occurs at every ex¬ 
posure, and at increasingly lower values of applied potentials. Finally 
there is a ‘^constant” state reached in which the polarization occurs 

Blinks, L. R., Thesis deposited in the library of Harvard University, 1926. 
Abstract in Summaries of Theses (1926), Cambridge, 1930, 10. 

Fricke, H., and Morse, S., J. Gen, Physiol,^ 1925-26,9,137. 

McClendon, J. F., J. Biol, Chem., 1926,69, 733. 

Cole, K. S., /. Gen, Physiol,, 1928-29,12, 37. 
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with currents of either direction, and the apparent resistance is nearly 
uniform over a considerable range of appli ^d potential. 

3. A state of increased p.d.; to 100 mv. (inside positive) in artificial 
sap; and to 35 or 40 mv. in dilute sea water or 0.6 M MgS 04 . The 
polarization response and apparent resistance are at first about as in 
sea water, but later decrease. 

4. A reversed p.d., to 50 mv. (outside positive) produced by a 
variety of causes, especially by dilute sea water, and also by large flows 
of current in either direction. This stage is temporary and the cells 
promptly recover from it. While it persists the polarization appears 
to be much greater to outward currents than to inward. This can 
largely be ascribed to the reduction of the reversed p.d. 

5. Disappearance of p.d. caused by death, and various toxic agents. 
The resistance and polarization of the protoplasm are negligible. 

The back e.m.f. of polarization is shown to account largely for the 
apparent resistance of the protoplasm. Its calculation from the 
observed resistance rises gives values up to 150 mv. in the early stages 
of recovery, and later values of 50 to 75 mv. in the ‘^constant’^ state. 
These are compared with the back e.m.f. similarly calculated from the 
apparent resistance of intact cells. 

The electrical capacitance of the protoplasm is shown by the time 
curves to be of the order of 1 microfarad per cm.* of surface. 



[Reprinted from Science, August 8,1930, Vol. 72, No. 1858, pp. 151-152] 


THE SPECIFIC ACTION OF A BACTERIAL ENZYME ON 
PNEUMOCOCCI OF TYPE III 

By OSWALD T. AVERY and REN£ DUBOS 
{From the Hospital of The Rockefeller Institute for Medical Research) 

A systematic search for enzymes capable of hydrolyzing the poly¬ 
saccharides found in the capsular material of pneumococci of the 
various types has been carried on in this laboratory for several years. 
A number of enzymes from animal and plant sources, known to be 
active in the hydrolysis of simpler carbohydrates, were tested, but 
none of them were found capable of attacking the polysaccharides of 
pneumococcus origin. In addition, cultures of various moulds, yeasts, 
soil actinomycetes and bacteria, many of which were known to de¬ 
compose cellulose, were tested without success. Recently, however, a 
bacillus has been isolated from the organic matter of soil taken from 
the cranberry bogs of New Jersey, which is able to split the specific 
capsular polysaccharide of pneumococci of Type III. The micro¬ 
organism is a pleomorphic, Gram negative bacillus, motile and spore¬ 
bearing. A detailed description of the special technique employed 
in its isolation and cultivation, together with a more complete account 
of its biological characters, will be given in a subsequent publication. 

From cultures of this bacillus it has been possible to extract a soluble 
principle which, in the absence of the living cell, decomposes this 
specific carbohydrate. The decomposition of the specific polysac¬ 
charide is indicated by the appearance of reducing sugars in the hydro¬ 
lyzed mixtures and by the simultaneous disappearance of serological 
specificity. The rate of reaction and the total amount of specific sub¬ 
strate decomposed appear to bear a quantitative relationship to the 
concentration of the active principle. 

The active substance present in the sterile bacterial extracts is heat 
labile, being destroyed by exposure to a temperature of 60® to 65® C. 
It is extraordinarily specific in its action against the polysaccharide 
of pneumococci of Type III, since the capsular carbohydrates of the 
specific t3q>es of Friedlander’s bacillus, and even those of pneumococci 
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of Types I and II, are unaffected. The fact that the reacting substance 
is a product of living cells, that it is specific and heat labile and that 
its action seems to conform to the laws of enzymatic reactions strongly 
supports the view that the active principle is of the nature of a specific 
enzyme. 

The addition of an active extract to media does not inhibit growth 
or cause lysis of pneumococci; however, organisms of Type III, when 
grown under these conditions, are not specifically agglutinable in 
immune serum of the homologous type. That the f unction of elabo¬ 
rating the type-specific substance is not destroyed, however, is shown 
by the fact that pneumococci so treated continue to produce the cap¬ 
sular polysaccharide when transferred to a medium devoid of the 
active hydrolyzing agent. These two facts, namely, the decomposition 
of the specific carbohydrate removed from the pneumococcus cells 
and the hydrolysis of the specific capsular substance as rapidly as it 
is formed in growing cultures are evidence that the active principle 
is directed against this single, specific component rather than against 
the cell as a whole. 

Previous studies on infection with pneumococci have led to the 
view that the invasiveness of these organisms is conditioned, in part 
at least, by the presence of the cell capsule. Since, early in the present 
work, the experimental evidence pointed to the fact that only the 
capsular material of the cell is vulnerable to the attack of this enzyme, 
it was tempting to determine whether the course of pneumococcus 
infection in a susceptible animal might not be favorably influenced 
by the injection into the animal of this specific enzyme. This possi¬ 
bility seemed more likely, since it was found that the activity of the 
enzyme in vitro is not inhibited or retarded by the presence of fresh 
animal serum. Repeated experiments with various preparations of 
sterile extracts containing the specific enzyme have demonstrated that 
the active principle has a distinct and specific protective action in 
mice experimentally infected with pneumococci of Type III. The 
protection afforded is type-specific, being effective only against pneu¬ 
mococci of this particular type. The protective value of the enzyme 
is destroyed by heating the bacterial extracts at 70° C. for 10 minutes. 
The capacity of any given preparation to protect animals against 
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infection bears a definite relationship to its power to decompose the 
specific polysaccharide in vitro. 

In addition to its protective action, the active principle has been 
found to exert a specific prophylactic and curative effect on experi¬ 
mental Type III pneumococcus infection in mice. 




[Reprinted from The Journal of Experimental MEoiaNE, September 1, 1930, 
Vol. 52, No. 3, pp. 331-345] 


THE BACTERIOSTATIC ACTION OF CERTAIN COMPONENTS 
OF COMMERCIAL PEPTONES AS AFFECTED BY 
CONDITIONS OF OXIDATION AND REDUCTION 

By RENfi DUBOS, Ph.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, May 23, 1930) 

When Pneumococcus is seeded into plain broth, it is necessary to use 
a fairly large inoculum in order to insure the initiation of growth. 
The size of this inoculum increases with the amount of medium to be 
seeded; as a rule, 0.01 to 0,1 cc. of a plain broth culture is the minimum 
seeding to be used for 5 cc. of medium. These inocula contain at 
least 1,000,000 to 10,000,000 cells. What are the factors which make 
such a large number of cells necessary? Under what conditions would 
one single cell grow? 

An answer to these questions will probably result in a better under¬ 
standing of the physiology of the pneumococcus cell. But in addition, 
the preparation of an ^‘ideaU'medium (and no medium is “idear' which 
does not allow the growth of a single cell) would be of great value in the 
study in vitro of the bacteriostatic and bactericidal properties of the 
body fluids of immunized and naturally resistant animals. However, 
the present work was undertaken to meet a purely practical need. 
During the past few years, considerable difficulties have often been 
encountered in the preparation of media suitable for the growth of 
Pneumococcus. Many lots of broth were found to be unable to 
support growth even when large inocula were used. Yet it has been 
observed that when various lots of media are prepared from the same 
meat infusion, but with the addition of different brands of peptones, 
these various lots differ in their ability to support growth of Pneu¬ 
mococcus, depending upon the kind of peptone employed; in all cases, 
growth would occur, even with very small inocula, provided a sufficient 
amount of neutral cysteine or thioglycollic acid was added. It 
seems therefore that the inability to support growth depends upon 
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some bacteriostatic property of the peptone and that this effect may be 
overcome by the addition of reduced thioacids. 

It is known in a general way that the living cell can greatly affect the 
conditions of its environment. In particular, it may be recalled that 
pneumococcus cells acting on certain metabolites bring about the 
formation of actively reducing substances (1, 2). If, however, very 
small inocula be employed, the influence of the reducing action of the 
bacteria can be considered negligible. Advantage may be taken of 
this observation in devising an experimental method for the study of 
those properties of the medium which affect the initiation of growth. 

Experimental Methods 

Cultures .—All experiments were carried out with a strain of Type II Pneumo¬ 
coccus (D/39/79) and an R culture derived from Type II (D/39/R). Occasionally, 
control experiments were carried out with strains of Type I and Type III Pneu¬ 
mococcus. The results being always substantially the same, only the data ob¬ 
tained with the Type II strain arc presented in this article. 

Unless otherwise stated, the inoculum consisted of 0.0001 cc. of a 12-hour cul¬ 
ture in plain broth. 

Ingredients Used in the Preparation of Media .—The beef infusion was prepared 
as usual, enriched with 0.03 per cent glucose, adjusted to pH 7.8 and autoclaved. 

^‘Tryptophane broth” is the commercial name of a dehydrated preparation of 
casein hydrolysed with acid. Solutions of 1 per cent of this dehydrated medium 
were enriched with 0.03 per cent glucose, adjusted to pll 7.8, and autoclaved. 

Peptone solutions employed were of 10 per cent concentration; they were ad¬ 
justed to pH 7.8 and autoclaved. 

The cysteine and thioglycollic acid were autoclaved in neutral 1 per cent solu¬ 
tions and kept under vaseline seal. The results reported in this paper were ob¬ 
tained with thioglycollic acid; no difference could be noticed between the action 
of the two thiol compounds. 

The oxidized thiol compound used was a product obtained by the auto-oxidation 
of thioglycollic acid (Eastman), in the presence of air, with sodium nitroprusside 
as a catalyst (in dilute ammonia solution); this product will be referred to as 
“oxidized thioglycollic acid” although its exact nature is not known since it was 
not obtained in crystalline form. 

The Bacteriostatic Action of Peptones and the Possibility of Correcting 
It by Means of Reduced Thiol Groups 

It has been shown previously (3) that the growth of very small 
inocula of Pneumococcus in plain broth may occur when cysteine 
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hydrochloride or thioglycollic acid is added to the medium. Experi¬ 
ment 1 gives the minimum concentration of thioglycollic acid which is 
necessary for growth to occur. 

Experiment 1 —Varying amounts of thioglycollic acid were added to different 
portions of the same lot of plain broth (prepared 1 week previous to use), and 
tubes containing 5 cc. of these media received inocula varying from 0.1 cc. to 
0.0000001 cc. of a plain broth culture of Pneumococcus. The cultures were in¬ 
cubated at 37°C. and final readings made after 48 hours incubation. 

The results of Experiment 1 illustrate the fact that, in the plain 
broth under consideration, an inoculum of 0.1 cc. is necessary to obtain 


TABLE I 

The Influence of Thioglycollic Acid on the Growth of Small Inocula of Pneumococcus 
in Plain Broth {Peptone A) 


Final concen¬ 
tration of 
thioglycollic 
acid 

(in per cent) 



Inoculum (cc. of pneumococcus culture) 



10-1 

10-« 

lO-i 

10 

10-» 

10-« 

10-^ 

10-1 

0 

+ 


— 

_ 

_ 

— 

_ 


0.001 

+ 

+ 

+ 

- 

- 

- 

- 

- 

0.002 

+ 

+ 


- 

- 

- 

- 

- 

0.005 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

0.01 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

0.02 

+ 

4- 

+ 

+ 

+ 

+ 

■f 

+ 

0.05 


+ 

+ 

+ 

+ 

+ 

-f 

— 


The signs + and — refer to the presence or absence of growth after 48 hours 
incubation. 


the growth of Pneumococcus. However, growth will occur even if the 
inoculum be only 0.000001 cc. in the presence of 0.005 per cent 
thioglycollic acid. It is apparent therefore that plain broth exerts a 
bacteriostatic effect on Pneumococcus and that a concentration of 0.005 
per cent thioglycollic acid can overcome this effect. 

The object of the next experiment was to determine whether the 
minimum concentration of thioglycollic acid required for the growth 
of small inocula of Pneumococcus would be affected by the kind of 
peptone used in the preparation of the medium. 
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Experiment 2 ,—Media were prepared fron the same meat infusion but with 
different peptones, 2 per cent concentrations leing used of either one of the four 
different commercial preparations of peptone designated as A, B, C, and D. 
Amounts of 5 cc. of these media were treated with different concentrations of 
thioglycoUic acid, inoculated with 0.0001 cc. of pneumococcus culture and incu¬ 
bated at 37°C. Table II shows the results after 24 hours incubation. 

The results of Experiment 2 indicate that the bacteriostatic effect 
of the broth varies greatly with the different peptones used in the 
preparation of the medium; this is evidence that a part, at least, of 
this bacteriostatic power is to be traced to the peptone. 


TABLE n 


The EJfeci of Using Different Commercial Peptones on the Growth of Fneumocoeem 
in the Presence of Varying Concentration of ThioglycoUic acid 


Medium: meat infusion with 


Final concentration of thioglycoUic acid (in per cent) 



0 

0.0001 

0.002 

0.004 

0.006 

0.008 

0.01 

0.02 

Peptone A. 

— 

— 

— 

— 

— 

_ 


+ 

» B. 

- 

- 


+ 

+ 

+ 

+ 

+ 

» C. 

— 

- 

- 

+ 

+ 

+ 

+ 

+ 

“ D. 

*-■ 


■f 


-f 


+ 

+ 


The signs + and - refer to the presence or absence of growth after 24 hours 
incubation. 


The results also suggest that the amount of thioglycoUic acid neces¬ 
sary for growth to occur might be used as a measure of the bacterio¬ 
static action of the peptone. 

The experiments that follow were all performed with peptone A 
which appears to have the most pronounced bacteriostatic power. 

In order to demonstrate that thioglycoUic acid can be used as a meas¬ 
ure of the bacteriostatic action of the peptone, an attempt was made to 
establish a quantitative relationship between the amount of peptone 
added to the meat infusion and the concentration of thioglycoUic 
acid required to overcome the bacteriostatic action of such media. 

Experiment 3 .—Media were prepared from the same meat infusion, but with 
concentrations of peptone (brand A) varying from 0.5 per cent to 4 per cent; these 
media were treated with varying concentrations of thioglycoUic acid, inoculated 
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with 0.0001 cc. of pneumococcus culture (per 5 cc. of medium) and incubated at 
37®C. 

The results of Experiment 3 indicate that as the concentration of the 
peptone in the medium increases, the concentration of thioglycollic 
acid necessary for growth also increases. A more exact relationship 
will be obtained when, instead of the whole peptone, we use the 
isolated fraction responsible for the bacteriostatic action (see Experi¬ 
ment 8). This indicates that thioglycollic acid can be used to titrate 
the bacteriostatic power of the peptone. 


TABLE m 

The Relation between the Concentration of Peptone {Brand A) Used in the Preparation 
of the Broth, and the Concentration of Thioglycollic Acid Required 
for the Growth of Small Inocula of Pneumococcus 


Concentration 


Final concentration of thioglycollic acid (in per cent) 


(iiTper cent) 

0 

0.001 

0.002 

0.004 

0.006 

0.008 

0.01 

4 

2 

- 

- 

- 

- 

4- 

.+ 

+ 

+ 

1 

- 


— 

+ 

4- 

+ 

+ 

0.5 

— 


+ 

4- 

4- 

+ 

+ 


The signs 4- and — refer to the presence and absence of growth after 48 hours 
incubation. 


It has been suggested previously (3) that cysteine owes its beneficial 
action on the growth of Pneumococcus to its reducing power. 

This suggestion will be confirmed by comparing the effect of the 
oxidized and reduced forms of thioglycollic acid on the growth of 
Pneumococcus in plain broth. 

Experiment 4. —Different portions of plain broth prepared with 1 per cent of 
peptone A were treated with ‘ ‘reduced*^ and ‘‘oxidized thioglycollic acid.’ * Amounts 
of 5 cc. of these media were seeded with inocula ranging from 0.1 to 0.00001 cc. of 
pneumococcus culture and incubated at 37®C. 

The results of Experiment 4 indicate that, following oxidation, 
thioglycollic acid becomes unable to correct the bacteriostatic effect 
of the peptone; it may be noted, however, that ‘‘oxidized thioglycollic 
acid'^ is in no way toxic, as is shown by comparison with the control. 
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Thioglycollic acid therefore appears to owe its activity to the presence 
of reduced thiol groups in the molecule. 

The Existence in Peptone A of Substances Which Are Bacteriostatic 

under Oxidizing Conditions and Not under Reducing Conditions 

It has just been shown that the bacteriostatic power of peptone can 
be corrected by treatment with reduced thiol groups. It is also greatly 
affected by the conditions of oxidation and reduction under which the 
peptone solutions are kept. This can be shown by the five following 
examples. 

Experiment 5.—a, b, c. Test tubes containing 4.5 cc. of meat infusion received 
0.5 cc. of a 10 per cent peptone solution (at pH 7.8) which had been autoclaved. 

In preparation a, the peptone solution was used immediately after autoclaving] 
in preparation 6, it had been kept for 48 hours at room temperature under aerobic 
conditions] in preparation c it had been kept for 48 hours at room temperature 
under vaseline seal. 

d. The peptone solution which had been kept aerobically for 48 hours (prep¬ 
aration b) was added to meat infusion and the mixture kept under vaseline seal 
for 2 weeks at room temperature. 

e. A similar mixture (preparation d) which had been kept under vaseline seal 
for 2 weeks was now transferred to a flask and kept aerobically for 2 days. 

Test tubes containing 5 cc. of the media (prepared as described under a, 6, c, d, 
and e) were inoculated with 0.0001 cc. of pneumococcus culture and incubated at 
37®C. 

The results of Experiment 5 prove that peptone A used immediately 
after autoclaving, (preparation a), or kept constantly under anaerobic 
conditions (preparation c), exhibits only a very slight bacteriostatic 
power. On the other hand, the same peptone solution becomes 
markedly bacteriostatic following exposure to the air (preparation b). 
A peptone solution that has become bacteriostatic following exposure 
to the air loses its bacteriostatic effect by incubation under vaseline 
seal in the presence of meat infusion (preparation d) ; but again becomes 
bacteriostatic following reexposure to the air. 

These facts, as well as the beneficial action of reduced thiol groups, 
point to the existence in peptone A of a substance which is bacterio¬ 
static in the oxidized form, and not in the reduced form; it can be 
oxidized by atmospheric oxygen and reduced by -SH groups and meat 
infusion; this oxidation and reduction appears to be reversible. 
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In the course of these experiments, it was observed that the color of 
the peptone A varies with the different conditions under which the 
solution is kept. The solution is dark brown when taken out of the 
autoclave or when kept under vaseline seal. The color turns yellow 


TABLE IV 

The Growth of Pneumocouus in Plain Broth {Peptone A) in the Presence of Reduced 
and Oxidized Thioglycollic Acid 


Medium 


Plain broth. 

0,01 per cent reduced thioglycollic 

acid. 

Plain broth -f- 0.01 per cent oxidized thioglycollic 
acid. 


Inoculum (cc.) 


lO-i 

10-* 

10-* 

10-« 

10-» 

+ 

+ 


- 

- 

+ 

+ 

+ 

+ 

+ 




- 

- 


The signs -|- and — refer to the presence or absence of growth after 48 hours 
incubation. 


TABLE V 

Effect of Maintaining Peptone Solutions under Oxidizing and Reducing Conditions 
on the Bacteriostatic Effect of Media Prepared with 2'hem 



* The media referred to as preparations a, 6, Cyd ^and e are described in the text. 
The signs + and — refer to the presence or absence of growth after 48 hours 
incubation. 


on the contrary under aerobic conditions. The yellow color could be 
changed again to the darker by treatment with thioglycollic acid or 
cysteine. In other words, the darker color corresponds to the reduced 
non-bacteriostatic form of the peptone solution, whereas the yellow 
color corresponds to the oxidizM-bacteriostatic form. 
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It was tempting to suppose that the chromogenic fraction responsible 
for the change in color was associated with the bacteriostatic agent, 
and an attempt was made to fractionate peptone A on the basis of this 
assumption. 

Isolation of the Fraction of Peptone A Containing the Bacteriostatic 

Substance 

Different agents were used in an attempt to isolate the chromogenic 
fractions of peptone A (extraction and precipitation with HCl, NaOH, 
(NH 4 ) 2 S 04 , copper salts, trichloracetic acid, alcohol, acetone, ether). 
The best results were obtained with the following procedure. 

200 gm. of peptone were dissolved in 1000 cc. of tap water and autoclaved. 
On the following day, the solution was treated with 15 cc. of concentrated hydro¬ 
chloric acid. A heavy precipitate formed rapidly and was separated by filtration 
or centrifugalization. This dark green precipitate will be designated as fraction 1. 

The filtrate (or supernatant) was made alkaline with 20 cc. of 40 per cent sodium 
hydroxide and 1000 cc. of acetone was added to the solution. A lighter precipitate 
of a greyish color separated and was designated as fraction 2. 

A further amount of 1050 cc. acetone was added to the supernatant; a dark 
yellow (resin-like) material was seen to run down the walls of the container and 
could be separated in a separatory funnel. This will be designated as fraction 3. 

After removal of this “yellow fraction,’’ 3 liters of acetone were again added and 
a heavy white floculum was formed. This will be designated as fraction 4. 

The remaining acetone solution was still slightly pigmented yellow; although 
it was found possible to separate this new pigment in very alkaline solution, no 
attetnpt was made to separate it on a large scale. The bulk of the solution was 
evaporated down and designated as fraction 5. 

Each one of the 5 fractions was made up to 2 liters (corresponding therefore 
to a 10 per cent solution of peptone) and adjusted to pH 7.8. Fraction 1 appeared 
then as a dark green solution somewhat cloudy. Fraction 2 gave a greyish 
suspension, little soluble in water, and which settled somewhat on standing. 
Fraction 3 gave a perfectly clear, but very dark yellow solution. Fraction 4 gave 
a limpid solution with a very slight yellow tinge (due probably to a contamination 
with the preceding fraction). Fraction 5 gave a clear, slightly yellow solution. 

5 cc. amounts of these different fractions were treated with 0,5 cc. of 1 per cent 
thioglycoUic acid. Within half an hour (at room temperature), fraction 1 began 
to change color, turning first to a brown-yellow, then to a dark brownish color. 
The other fractions remained unchanged. It is therefore apparent that fraction 1 is 
responsible for the change in color observed in the peptone following oxidation and 
reduction. 
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It was also observed that following the addition of 0.1 cc. of a 3 per cent solu¬ 
tion of potassium cyanide, fraction 1 turned whitish while the other fractions were 
not affected. 

The object of this experiment was to determine which of the fractions 
were responsible for the bacteriostatic action of peptone A. 

Experiment 6. —Media were prepared by the addition of 0.5 cc. of the different 
fractions and of whole peptone (10 per cent solution) to 4.5 cc. of meat infusion. 
These media were treated with different concentration of thioglycollic acid and 
inoculated with 0.0001 cc. of a pneumococcus culture. 

TABLE VI 


The Bacteriostatic EJfect on Pneumococcus ojMedia Prepared by the Addition to Meat 
Infusion of Different Fractions of Peptone A 


Medium containing 

Final concentration of thioglycollic acid (per cent) 

0 

0.001 

0.002 

0.003 

O.OOi 

0.005 

Fraction 1. 



— 

— 

— 


“ 2. 

+ 

+ 


•f 

+ 

+ 

‘C 3. 


+ 

+ 

+ 

+ 

+ 

4 . 

5 . 

+ 

+ 


■f 

+ 

-f 

Whole peptone. 

- 


- 

- 

+ 

+ 


The signs + and —refer to the presence or absence of growth after 48 hours 
incubation. 


It is apparent from the results of Experiment 6 that fractions 2, 3 
and 4 of peptone A can support the growth of Pneumococcus when 
added to meat infusion —and do not exhibit any bacteriostatic ejffeci. 
The absence of growth with fractions 1 and 5 may be attributed to the 
lack of some factor essential to growth or to the bacteriostatic action 
of these fractions. This question is the subject of the following 
experiment. 

Experiment 7.—A medium was prepared by the addition of 15 cc. of fraction 
4 to 135 cc. of meat infusion. To tubes containing 5 cc. amounts of this 
medium was added 0.5 cc. of peptone solution (10 per cent), of fraction 1 or of 
fraction 5 along with different concentrations of thioglycollic acid. The tubes 
were then inoculated with 0.0001 cc, of pneumococcus culture and incubated at 
37 *^ 0 . 
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The results of Experiment 7 demonstrate that practically all the 
bacteriostatic action of the peptone is due to fraction 1 and only to it. 

In all these experiments, thioglycollic has been used as a reagent for 
titrating the bacteriostatic action of the materials under consideration. 
In fact, it has been found in Experiment 3 that the amount of thio¬ 
glycollic acid required to initiate growth of small inocula increases with 
the concentration of peptone in the medium. The subject of Experi¬ 
ment 8 was to determine whether a more exact relationship could be 
obtained between the amount of fraction 1 added to the medium and 
that of thioglycollic add required to overcome its bacteriostatic action. 

Experiment 8 .—Attention must be called to two modifications introduced in the 
experimental procedure. Meat infusion is known to possess a high reducing 


TABLE VII 

The Bacteriostatic Action of Fraction 1 of Peptone A 


Concentration of thioglycollic acid (per cent) 


Medium: meat infusion with 



0 

0.0004 

0.002 

0.005 

0.01 

0.02 

0.05 

Fraction 4. 



+ 

+ 

+ 

+ 

+ 

** 4 -f fraction 1. 

— 

— 

— 

+ 


+ 

+ 

** 4-f fraction 5. 

- 

+ 

■f 

+ 

+ 


+ 

Whole peptone. 

— 

— 

— 

+ 


+ 

+ 


The signs + and — refer to the presence or absence of growth after 48 hours 
incubation. 


capacity and it is likely that it would thus interfere with the establishment of the 
quantitative relationship between fraction 1 and thioglycollic acid. Tryptophane 
broth on the contrary has very little reducing capacity; it can support the growth 
of Pneumococcus when added to fraction 3 of peptone. It was therefore used 
instead of meat infusion in this experiment. 

The other modification was devised in view of the fact that the fraction 1, after 
being reduced by thioglycollic acid, may be reoxidized by atmospheric oxygen. 
This was prevented by incubating the culture under vaseline seal. 

Varying amounts of fraction 1 were added to test tubes containing 4.5 cc. of 
medium consisting of tryptophane broth and fraction 3; these media were treated 
with different concentrations of thioglycollic acid, inoculated with 0.0001 cc. of 
pneumococcus culture and incubated under vaseline seal. 

Table VIII brings out the close proportionality between the concen¬ 
tration of fraction 1 in the medium and the amount of thioglycollic 
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TABLE Vm 

Titration of the Bacteriostatic Fraction of Peptone A by Means of Thioglycollic Acid 


Amount 
of fraction 1 


Final concentration of thioglsrcollic acid (in per cent) 


aaaea lo me 
medium 
(in per cent) 

0 

0.0005 

0.001 

0.002 

0.005 

0.01 

0.02 

0 


+ 

+ 

+ 

+ 

+ 

+ 

0.2 

- 

+ 

+ 

+ 

+ 

+ 

+ 

0.5 

- 

- 

- 

- 

+ 

+ 

+ 

1.0 



- 

- 

- 

+ 

+ 

2 0 


— 

— 

— 

— 

— 

+ 


The signs -f and — refer to the presence or absence of growth after 48 hours 
incubation. 


TABLE IX 

The Effect of Potassium Cyanide on the Bacteriostatic Properties of the Fraction 1 of 

Peptone A 


Medium: meat infusion with 



0.0005 

0.002 

0.005. 

0.01 

0.02 

Fraction 4 . 

+ 

+ 

•f 

+ 

+ 

KCN + fraction 4. 

+ 

+ 

+ 

+ 

+ 

Fraction 1 + fraction 4. 

- 

- 

- 

+ 

+ 

KCN -f fraction 1 -|- fraction 4. 

+ 

+ 

+ 

+ 

+ 


Final concentration of thioglycollic acid 
(in per cent) 


TABLE X 

The Growth of Pneumococcus in Media Prepared with Whole Peptone and 
'^Purified Peptone^^ 


Materials added to meat infusion 


Whole peptone. 

Purified peptone. 

Fraction 1 . 

Purified peptone + fraction 1 


Final concentration of thioglycollic acid (in per cent) 

0 

0.0001 

0.0002 

0.005 

0.01 

0.02 

0.05 

— 

1 4- 1 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

- 

- 

- 


The signs + and - refer to the presence or absence of growth after 48 hours 
incubation. 
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acid required for growth to develop. This relation, however, does not 
apply when very small concentrations are used. 

It has been mentioned previously that, when treated with potassium 
cyanide, the green pigment rapidly becomes whitish. Experiment 9 
demonstrates that fraction 1 loses at the same time its bacteriostatic 
properties. 

Experiment 9 .—A medium was prepared by the addition of 10 per cent of frac¬ 
tion 4 to meat infusion. Test tubes containing 5 cc. of this medium received 0.5 
cc. of fraction 1, or 0.02 cc. of 3 per cent KCN, or both. They were then treated 
with different concentrations of thioglycollic acid, inoculated with 0.0001 cc. 
of pneumococcus culture and incubated at 37*^0. 

The results of Experiment 9 show that the bacteriostatic properties 
of fraction 1 can be removed by treatment with potassium cyanide. 

The preceding experiments suggest that a solution of peptone A from 
which the green bacteriostatic fraction has been removed should supply 
a satisfactory medium when added to meat infusion. 

Experiment 10,—k 10 per cent solution of peptone A was treated with the 
proper amount of concentrated HCl to precipitate fraction 1. This fraction was 
then made up to the original volume of the peptone solution and adjusted to pH 
7.8. 

The peptone solution from which fraction 1 had been removed appeared as a 
yellow fluid which was also adjusted to pH 7.8. This second fraction will be 
designated as “purified peptone.” 

These two solutions were added in amounts of 0.5 cc. to 4.5 cc. of meat infusion 
as described in Table X and the media treated with different concentrations of 
thioglycollic acid. The tubes were inoculated as usual with 0.0001 cc. of pneu¬ 
mococcus culture and incubated at 37°C. 

The results of Experiment 10 demonstrate that by acid precipitation, 
one can remove almost completely the bacteriostatic properties of a 
solution of the commercial peptone A. 

DISCUSSION 

The facts recorded in this article seem to warrant the conclusion 
that there exists in commercial peptones a substance (or substances) 
which may exert a bacteriostatic action on the growth of certain 
organisms. Its action in plain broth is well demonstrated by the lack 
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of growth of small inocula of Pneumococcus under ordinary conditions. 
When, on the contrary, the same medium is prepared with peptones 
from which the bacteriostatic substance has been removed, or when the 
bacteriostatic effect has been corrected by reduction, inocula consisting 
of only one or a very few cells are sufficient to initiate growth. 

The bacteriostatic substance is heat stable and, in the brand of 
peptone which has been studied, it is associated with a certain fraction 
obtained by acid precipitation; this fraction is pigmented, and changes 
color upon oxidation and reduction; the bacteriostatic property of the 
same peptone fraction is also controlled by conditions of oxidation and 
reduction. But we have no other evidence that the chromogenic sub¬ 
stance and the bacteriostatic substance are one and the same thing. 

Concerning the mode of action of this substance, we have at least 
an excellent clue; it is bacteriostatic only under oxidizing conditions, 
not at all under reducing conditions. In this respect, it behaves 
similarly to some dyes previously studied (indophenols, methylene blue, 
gallocyanine,^ which are bacteriostatic in the oxidized form, but not in 
the reduced form (3). 

Methylene blue has been found to be bacteriostatic for Pneumo¬ 
coccus in concentrations as low as 0.00003 molar. There is as yet no 
direct way of measuring at what minimum concentration the bac¬ 
teriostatic substance of peptone exerts its activity;, but some con¬ 
ception can be gained by an indirect method. As already shown, 
there exists a certain quantitative relationship between the amount of 
bacteriostatic substance and the concentration of thioglycollic acid 
which can overcome its action. In certain experiments, it has been 
sufficient to add as little as 0.0003 per cent of this thiol compound to 
allow the growth of an inoculum which would not have otherwise 
developed; the molecular weight of thioglycollic acid being 92, one 
sees that the molar concentration is of the same order as that found in 
the case of methylene blue. Expressed in other terms, this means that 
the addition of 0.000003 gm. of thioglycollic acid per cubic centimeter 
of medium may determine whether growth will take place or not. These 
concentrations are of the order found in catalytic reactions, and one 
may well wonder whether the bacteriostatic substance of the peptone 


^ The data concerning the effect of gallocyanine have not yet been published. 
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does not act as anticatalyst in some phase of the metabolism of the 
cell 

Whatever the mechanism of its action may be, this substance is 
active in extremely small amounts. We have evidence of organisms 
which are much more sensitive to it thiin the ordinary strains of 
Pneumococcus. It will be worth while to study the role of such sub¬ 
stances in determining whether a bacterial species is ^'aerobic” or 
‘^anaerobic,” whether it is ‘‘easy’’ or “hard” to grow. 

The growth of large inocula of Pneumococcus in plain broth, as 
compared with the lack of development of smaller inocula, is now 
readily understood. It has been shown (1, 2) that pneumococcus 
cells, when in the presence of certain metabolites, give rise to a very 
actively reducing system; this system is able to reduce (and therefore 
inactivate) the bacteriostatic substance of the peptone and thus 
renders the medium suitable for the development of growth. 

The significance of the facts presented in this article may well 
transcend their importance for the growth of Pneumococcus in artificial 
media. One wonders whether there do not exist in tissues mechanisms 
similar to the one described, which would render impossible the multi¬ 
plication of bacteria under normal conditions of oxidation. If, how¬ 
ever, local reducing conditions were to develop, is it not possible that 
bacterial invasion of the tissues would then be facilitated? It is well 
to remember, in this respect, that the peptones under consideration 
were probably prepared from materials of animal origin. In fact, 
tryptic digest broth and peptic digest broth prepared from beef were 
also found to exhibit some bacteriostatic properties, but this action 
was demonstrable only under aerobic conditions. 

SUMMARY 

There are present in commercial peptones substances which exhibit 
bacteriostatic properties for certain bacterial species. These sub-* 
stances are bacteriostatic in the oxidized form, but not in the reduced 
form. Their bacteriostatic action can be overcome, and their con¬ 
centration titrated, by the addition of reduced thiol compounds to the 
media in which they are present. 

Different brands of peptone differ greatly in the amount of bacterio¬ 
static substances they contain; these differences account, in part at 
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least, for the fact that media prepared from the same meat infusion, 
but with different kinds of peptone, vary in their ability to support 
bacterial growth. 

The bacteriostatic fraction of a certain peptone solution can be 
completely removed by precipitation with acid and acetone. A pep¬ 
tone which has thus been purified becomes capable of supporting the 
growth of very small inocula of Pneumococcus. 

The significance of the sensitiveness of certain bacterial species to 
substances which are bacteriostatic in the oxidized but not in the 
reduced form is considered with reference to (a) the mechanism of 
bacteriostasis, (b) the growth of bacterial species in artificial media, 
(c) the problem of infection. 
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THE DISTRIBUTION OF FRIEDLANDER’S BACILLI OF 
DIFFERENT TYPES 

By LOUIS A. JULIANELLE, Ph.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, June 24,1930) 

In 1926 (i), a number of strains of Friedlander’s bacillus were 
classified by the immunological reactions of agglutination, agglutinin 
adsorption and passive protection against infection, into three specific 
types, which were arbitrarily designated as Types A, B, and C. The 
strains falling into the specific types comprised the great majority of 
those studied, and the remaining cultures which were found to differ 
serologically from each other and from the specific types were in¬ 
cluded in a heterogeneous group called Group X. The distinctions 
in type were referable to the presence of a specific carbohydrate in the 
capsular material. The carbohydrate (2), or soluble specific sub¬ 
stance, was shown to be chemically different for each of the three 
types. 

Cultures of Fricdlander’s bacillus have been collected in the mean¬ 
time in order to study the relative frequency and distribution of the 
organism of various immunological types. 

EXPERIMENTAL 

In the present survey a total of 80 strains have been isolated from 
a variety of disease conditions; in most instances the organisms were 
considered to be the inciting agent of the disease, in other cases second¬ 
ary invaders. All the organisms studied were encapsulated, non- 
motile, non-spore-bearing. Gram negative rods with the cultural 
characteristics usually attributed to Friedlander’s bacillus. In each 
instance the serological type was determined by the agglutination of 
live young cultures (4 to 6 hours) in type-specific sera. 

The fermentation of carbohydrates by the different strains was 
also studied to determine possible serological and biochemical re¬ 
lationships. 
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The Frequency of Occurrence of Friedldnder^s Bacilli of the Different 
Specific Types.—In Table I is given the relative numoer < strains 
of the different types isolated from disease. It is seen that of the 
80 strains, about 75 per cent fall in one or other of the thice specific 
types. To Type A, belong 42 of the strains (52 per cent); to Type 
B, 12 (15 per cent); to Type C, 7 (9 per cent). Group X includes 19 
(24 per cent) of the cultures. It is interesting to compare these 
figures with those obtained from the original study (1) of 30 strains. 
At that time, it was found that 50 per cent of the strains were of 
Type A, 20 per cent of Type B, 10 per cent of Type C, and 20 per 
cent belonged in Group X. 

The Incidence of the Various Specific Types in Different Diseases .— 
This is shown in Table II. Most of the strains studied were isolated 
from cases of pneumonia in man. Of the strains isolated from this 


TABLE I 

The Distribution of Specific Types of Friedldnder^s Bacillus 


Total number of 

Distribution by types 

_ 1 

Group X 

atraius sludicil i 

Type A 

1 Type B 

Type C 

80 

42 

12 

7 

19 


source about 75 per cent were of Type A. In the original study (1) 
it was found that about 70 per cent of the total strains associated 
with pneumonia belonged to Type A. Most of the Type A strains 
were isolated from human cases where the majority of Type B strains 
were isolated from animals. The organisms of Group X were ob¬ 
tained from a variety of conditions in animals and man. 

The Specific Precipitin Reaction in the Urine in Pneumonia. —In a 
preceding paper (3) it was shown that rabbits experimentally infected 
with Friedlander’s bacillus eliminate the soluble specific substance 
through the kidney, and that the urine of infected animals may give 
a precipitation reaction in the corresponding type-specific serum. 
Blake (4) first demonstrated the presence of a positive precipitin 
reaction in a case of pneumonia in man due to Friedlander’s bacilli. 
Recently in a case of pneumonia in the Hospital of The Rockefeller 
Institute, due to Friedlander^s bacillus, the opportunity was offered 



LOUIS A. JULIANELLE 


389 


for studying the type-specific precipitin reaction in the urine. On 
the day of admission, which was the second day of the disease, Fried- 
lander’s bacillus Type A was isolated both from the blood and sputum, 
and the presence of the soluble specific substance was demonstrated 
in the urine by a t 3 rpe-specific precipitation reaction which was pos¬ 
itive even when the urine was diluted sixteen times. On the following 


TABLE II 

The Incidence of the Various Types of FriedlUnJer's Bacillus in Different Diseases 


Type 

Human 

pneu¬ 

monia 

Throat 

Liver 

abscess 

Animal source 

Miscellaneous 

Type A 
(42 strains) 

33 

i 

3 

1 

Guinea pig—2 (not 
pneumonia) (fatal 
abscess) 

C3rstitis—1 

Adenoid tissue—2 

Type B 
(12 strains) 

2 

1 

1 

Guinea-pig—5 
(pneumonia) 
Marc—2 (G. U. in¬ 
fections) 

Feces—1 (colitis) 

Type C 
(7 strains) 

3 

0 

0 


Antrum—1 (sinu¬ 
sitis) 

Nose—1 (sinusitis) 
Unknown—2 

Group X 
(19 strains) 

7 

2 

1 

Guinea-pigs—2 (not 
pneumonia) (fatal 
abscess) 

i 

Sputum—2 (not pneu¬ 
monia) 

Cystitis 3 

Lung abscess—1 

Feces—1 (Pellagra) 


day the disease terminated fatally and this day the precipitation 
reaction was positive when the urine was diluted 1:64. 

The Fermentation of Carbohydrates by Friedlander’s Bacilli of the 
Different Types .—The fermentation reactions of bacteria of the En- 
capsnlatus group have been studied by a number of workers, but the 
results have been contradictory and confusing. While certain authors 
have found that Friedlander’s bacillus ferments lactose with the 
formation of acid and gas (5, 6, 7, 8) or of acid alone (9, 10, 11, 12), 
other writers (13, 14, 15) have observed that it does not ferment 
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lactose. Still other authors (16,17,18,19) state that u,ffer< 't strains 
may vary in their ability to ferment lactose, and it is the opinion of 
these authors that the fermentation reactions of the bacioria of the 

TABLE ni 


The Fermentation Reactions of Friedldnder’s Bacillus of the Different Specific Types 


Fricdlinder bacilli 

Reactions in 

Type 

Number of 
strains 

Dextrose 

Lactose 

Sucrose 

Maltose 

Mannitol 

A 

30 

AG 

AG 

AG 

AG 

AG 

B 

8 






C 

3 






Group X 

8 






A 

9 






B 

None 

AG 

Negative 

AG 

AG 

AG 

C 

1 






Group X 

1 






A 

2 






B 

2 

A 

A 

A 

A 

A 

C 

None 






X 

S 






A 

4 






B 

None 

A 

Negative 

A 

A 

A 

C 

None 






X 

None 






X 

1 

AG 

AG 

Negative 

AG 

Negative 

X 

1 

A 

Negative 

Negative 

Negative 

Negative 

X 

1 

A 

Negative 

Negative 

AG 

Negative 


A indicates presence of acid. 

AG indicates presence of acid and gas. 
Negative indicates absence of acid and gas. 


Encapsulatus group are too inconstant to be of value in classification 
or identification. 

It seemed, however, important to study again this question with 
reference to the specific types of organism employed in making the 
tests. 
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Five carbohydrates (dextrose, lactose, sucrose, maltose and man¬ 
nitol) were employed, since earlier observations indicated that these 
five offered the greatest possibilities for use in differentiation. Sam¬ 
ples of meat extract broth containing 1 per cent of the respective 
carbohydrates were inoculated, and the final readings were made 
after an incubation period of 7 days. 

The results of this study are given in Table III. It is seen that 
the majority of the strains ferment all 5 carbohydrates with the 
formation of acid and gas. There is, however, a great variability in 
the fermentative activities of Ihe different strains, and it is obvious 
that a classification of Friedlander's bacilli on the basis of fermentation 
activity is of little value. Furthermore, the fermentation reactions 
do not aid in the identification of the specific types. It is interesting 
to note, nevertheless, that of 15 strains which form neither acid nor 
gas in lactose, 13 are of Type A. In other words, the inability to fer¬ 
ment lactose is most characteristic of Type A cultures. Of further 
interest is the fact that the strains of Group X show the greatest 
variability in the fermentation of carbohydrates. 

DISCUSSION 

The present communication records the distribution of Fried- 
lander’s bacilli of the different specific types in disease. It was found 
that most of the Type A strains are obtained from human cases and 
the majority of them from cases of pneumonia. On the other hand, 
the greatest number of strains of Type B are derived from animal 
sources, while Group X contains organisms isolated from the greatest 
variety of diseases. In this connection, it should be pointed out that 
in confirming the existence of specific types among the Friedlander 
bacilli, Edwards (18, 19) characterizes his Type I (corresponding to 
Type B) as the animal type, and Type II (corresponding to Type A) 
as the human type. Edwards (19) also shows that certain strains 
of Bacterium aerogenes are serologically identical with Friedlander’s 
bacilli. This is not surprising, however, when it is recalled that 
Avery, Heidelberger and Goebel (20) had previously demonstrated 
the immunological similarity of Type B Friedlander’s bacillus to the 
more widely remote species. Pneumococcus Type II. 

It has been possible to confirm Blake’s observations on the occur- 
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rence of a specific precipitin reaction in the urine during the course 
of pneumonia due to Friedlander’s bacillus. Dochez and Avery (21), 
also demonstrated during their original studies on the soluble specific 
substance of Pneumococcus that the specific urine precipitation tests 
in immune sera offered a procedure of diagnostic as well as prognostic 
importance. 

A study of the fermentation reactions of Friedlander^s bacillus con¬ 
firms an earlier opinion (17) that a classification based on these re¬ 
actions possesses little value. Fitzgerald (16) previously and Ed¬ 
wards (18, 19) more recently reached similar conclusions. In the 
present study, it was not possible to show any constant relationship 
between serological reactions and biochemical activity as measured 
by the fermentation of carbohydrates, although it was found that 
among the strains of all types there is a much greater tendency for 
Type A strains not to form acid or gas from lactose. 

SUMMARY AND CONCLUSIONS 

In a study of the distribution of the specific types of Friedlander’s 
bacillus, it is shown that: (1) Of 80 strains 52 per cent belong to 
Type A, 15 per cent to Type B, 9 per cent to Type C, and 24 per cent 
to Group X. (2) Type A contains for the most part strains derived 
from diseases of man and more than 70 per cent are associated with 
pneumonia in man. (3) Type B includes the greatest number of 
strains from animal sources, while the heterogeneous strains compris¬ 
ing Group X come from the greatest variety of diseases. 

It was demonstrated that in a patient suffering with pneumonia 
due to Friedltoder’s bacillus (Type A), a specific precipitin reaction 
of the urine occurred in the corresponding (Type A) immune serum. 

A study of the sugar fermentation reactions of Friedlander’s bacillus 
shows that (1) there is no correlation between serological type and 
fermentative activity; (2) the fermentation reactions are variable 
and therefore not reliable for distinguishing Friedltoder’s bacillus 
from closely allied organisms; (3) the strains of Group X show the 
greatest variation in fermentation, and (4) of 15 strains unable to 
ferment lactose, 13 belong to Type A. 
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SEROLOGICAL REACTIONS IN PNEUMONIA WITH A NON¬ 
PROTEIN SOMATIC FRACTION OF PNEUMOCOCCUS* 

By william S. TILLETT, M.D., and THOMAS FRANCIS, J*., M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, June 26, 1930) 

It has been shown (1) that pneumococci contain two constituents 
which are chemically and antigenically distinct. One of these, the 
type-specific component, is a complex polysaccharide, predominantly 
present in the capsule of the organism; the other, a substance common 
to the pneumococcus species, is the so-called nucleoprotein, contained 
for the most part in the body of the cell. That these two chemically 
distinct fractions are responsible for the production of two qualita¬ 
tively different antibodies has been demonstrated (1, 2). 

The present report is based upon observations made with a third 
fraction derived from pneumococci and chemically distinct from both 
type-specific capsular polysaccharide and non-type-specific somatic 
nucleoprotein. For purposes of reference this substance is designated 
Fraction C. The chemical nature of Fraction C and the method of 
purification together with certain experimental observations are 
presented in a separate communication (3). In this report it is suffi¬ 
cient to state that Fraction C is a non-protein material of somatic 
origin and appears to be a carbohydrate common to the pneumococcus 
species. Although final proof of its exact nature rests upon chemical 
analysis, nevertheless convincing evidence of the separate identity of 
Fraction C is brought out by the serological reactions to be described. 

Material and Methods 

Preparation of Fraction C.—The material employed in the serological tests was 
derived from a degraded, non-type-specific R strain of Pneumococcus. A strain 
of this character was employed in order to minimize the presence of type-specific 
carbohydrate. Fraction C was obtained in the following manner; The organisms 

♦ Presented before the American Society for Clinical Investigation at a meeting 
held in Atlantic City, May 5,1930. 
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contained in several liters of full-grown bro'.h culture of an R strain were centri¬ 
fuged and resuspended in normal salt solution in 60 to 100-fold concentration. 
The bacteria were then frozen and thawed several times until dissolution had been 
effected. 0.3 cc. to 0.5 cc. of normal acetic acid was added and the solution boiled 
for 8 to 10 minutes. The heavy coagulum thus formed was removed by centrifuga¬ 
tion. Acidulation and boiling were repeated to insure removal of all acid and heat 
precipitable material. The final water-clear supernatant fluid, neutralized with 
normal NaOH, contained Fraction C. Material prepared according to this simple 
procedure was comparable in reactivity and specificity to more highly purified 
preparations. Consequently, further steps in purification were not, as a rule, 
carried out. Some lots, however, were treated by repeated precipitation with 4 to 
5 volumes of 95 per cent alcohol. 

In the charts the reaction is represented as occurring in dilutions of C substance 
as high as 1 to 640,000. This figure is only approximate since a quantitative 
estimation was not made on all lots of material. However, accurate measurement 
was made with one sample; using it as a standard some of the sera were re-tested 
and found to react with a 1 to 1,000,000 dilution. Consequently the approximate 
figures given are believed to be conservative estimates. 

The chemical fractionation of numerous bacteria by procedures similar in many 
respects to that just described, has been reported by others. Pick (4) derived from 
typhoid bacilli an apparently non-protein substance which reacted especially in 
immune serum. Zinsser (5) and Zinsser and Parker (6) isolated so-called residue 
antigens from tubercle bacilli, pneumococci, staphylococci, influenza bacilli, and 
typhoid bacilli. Laidlaw and Dudley (7) obtained a carbohydrate from tubercle 
bacilli. Furth and Landsteiner (8) obtained from typhoid and paratyphoid B 
cultures three fractions, one of which appeared to be non-protein. Day (9) 
derived from staphylococci an ''antigenic specific substance.’' Lancefield (10) 
separated a somatic carbohydrate from hemolytic streptococci which she designated 
Fraction C and which is comparable in many respects to the pneumococcus Frac¬ 
tion C. 

Pneumococcus Type-Specific Polysaccharides—The preparations employed were 
made according to the method described by Heidelberger and Avery (11). 

Pneumococcus Nucleoprolein, —The material was made by precipitation with 
acetic acid in the cold as described by Avery and Morgan (12). 

Precipitin Tests. 0.2 cc. test serum was diluted to 0.5 cc. with physiological 
salt solution; to this was added an equal volume of varying dilutions of precipitino¬ 
gens. Final readings were made after the mixtures had been kept in water bath at 
37° for 2 hours and over night in the ice box. 

Agglutination Tests.—O.S cc. of varying dilutions of serum was added to 0.5 cc. 
of heat-killed pneumococci suspended in physiological salt solution. The tubes 
were incubated at 37° for 2 hours and allowed to stand overnight in the ice box 
before final reading was made. 
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Sera obtained at frequent intervals from patients acutely ill with 
pneumonia or convalescent from the disease have been mixed with 
varying dilutions of Fraction C and the presence or absence of pre¬ 
cipitation noted. Charts 1 and 2 illustrate results which have been 
repeatedly obtained. 

Chart 1 gives the results of observations in a case of Type II pneu¬ 
mococcus pneumonia. Scrum obtained on admission to the hospital 
in the^Hhird day of disease reacted with high dilutions of Fraction C. 

N 5. Type I pneumococcus pneumonis 



Chart 1 


This reactive capacity dropped slightly on the day of crisis and com¬ 
pletely disappeared in the next 2 days. 

Chart 2 presents a similar course of events obtained with serum 
derived from a patient suffering from Group IV pneumococcus pneu¬ 
monia. The phenomenon exhibited in Charts 1 and 2 has been ob¬ 
served in each of 50 patients ill with pneumococcus pneumonia. In 
each instance it has been found that scrum obtained during the acute 
stage possesses a high titre of precipitins for Fraction C. A day or 
two after recovery this precipitating power is no longer detectable. 
The occurrence of the phenomenon is unrelated to the t3Te of Pneu- 
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mococcus causing infection. The fact that serum obtained from 
patients on admission possessed, in every instance, anti-C precipitins 
is evidence of the early appearance of the reactivity. The serum 
obtained from one patient as early as 18 hours after the initial chill 
reacted with high dilutions of C substance. Individuals who suc¬ 
cumbed to the disease maintained C precipitins until death. The 
age of patients, whose sera have been tested, ranged from 7 years to 



Chart 2 


65 years; the phenomenon was present in the youngest and oldest. 
Sera from normal individuals have not been found to possess demon¬ 
strable precipitins for Fraction C. 

The observations on the serological reactivity of pneumococcus Fraction C 
presented in this report are limited to precipitin tests made with sera from patients. 
However, it may be mentioned that antipneumococcus sera derived from animals, 
in some instances, precipitate Fraction C. This is particularly demonstrable 
with the antipneumococcus horse sera^ used for typing of pneiunococci. The 

* The antipneumococcus horse sera were obtained through the courtesy of Dr. 
A. B. Wadsworth from the New York State Board of Health Laboratories, Albany, 
New York. 
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available lots of antisera of Types I, II and III all precipitate Fraction C, Type III 
serum apparently reacting in highest titre. Of sera derived from 24 rabbits 
immunized with either Types I, II, III, or R pneumococci, only 3 possessed 
demonstrable anti-C precipitins; each of these animals had received heat-killed 


JR. Type II pneumococcus pneumonia 

Day of 

disced 4 5 6 1 6 9 10 )1 12 13 14 15 16 IT 18 19 20 21 22 23 24 25 26 27 



Chart 3 

cultures of Type III Pneumococcus. At the present time the conditions which 
favor the production experimentally of anti-C antibodies are not understood. 

For purposes of comparison, sera derived from patients during the 
course of pneumonia were tested for the presence of type-specific 
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antibodies and for pneumococcus protein antibodies as well as for C 
precipitins. The results when charted in relation to the course of 
pneumonia, present three different curves of antibody titre. Observ a 
tions of this character are presented in Chart 3. 

From Chart 3 it will be seen that type-specific antibodies are absent 
during the acute illness and are first demonstrable at the time of 
crisis, whereas precipitins for C substance are present in high titre 
during the febrile stage and are no longer detectable a few days after 



Chart 4 

the critical fall in temperature. Antiprotein antibodies do not vary 
markedly during the course of illness, although there seems to be a 
slight reduction in titre as convalescence progresses. Observations 
similar to those given in Chart 3 have been made on twenty cases of 
pneumonia. It is an interesting fact, therefore, that with three 
chemically distinct fractions derived from the same bacterial cell, 
serological reactions involving three qualitatively different antibodies 
may be demonstrated during the progress of pneumococcus 
pneumonia. 
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Up to this point the report has been limited to the results obtained 
with the sera of patients suffering from pneumococcus infection. A 
limited number of individuals acutely ill with other febrile diseases 
have been available for comparative tests. Four cases of hemolytic 
streptococcus infection ending fatally were observed from admission 
to the hospital until death. Three of these had streptococcus pneu¬ 
monia. In each instance their sera precipitated pneumococcus Frac¬ 
tion C equally as well as did sera from cases of pneumococcus pneu¬ 
monia. The fourth patient had malignant endocarditis; hemolytic 



Chart 5 

streptococci in large numbers were repeatedly demonstrated in blood 
cultures. The result of serological tests made with pneumococcus C 
substance in this case is presented in Chart 4, 

As can be seen from Chart 4 the patient^s scrum maintained through¬ 
out the illness the capacity to react in high titre with C substance of 
Pneumococcus. 

Fifteen cases of acute rheumatic fever have been followed by similar 
serological tests through stages of active disease and remission. 
Chart S records the results obtained in one of this group. 
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As demonstrated by Chart 5 the course of the temperature and the 
capacity of the patient’s serum to precipitate pneumococcus Fraction 
C closely parallel each other. The same relations were found to hold 
in the other fourteen cases of rheumatic fever. All of the patients at 
the time of elevated temperature exhibited s)rmptoms and signs of 
active disease. 


TABLE I 


Reactions with Fraction C in Febrile Diseases Other than Pneumococcus Pneumonia 


Patient 

Disease 

Tempera- 

^Dilutions of Fraction C 

ture 

1-10,000 

1-80,000 j 

1-120,000 

D&t. 

Malaria 

104® 

— 

— 

— 

Mck. 

Lung abscess 

102.5° 

+ 

++ 

+++ 

Fol. 

Cirrhosis of liver 

o 

eo 

O 

— 

— 

- 

Mit. 

Typhoid fever? 

104® 

- 

- 

- 

Rid. 

Pericarditis, rheu¬ 
matic origin 

o 

o 




Reg. 

Unexplained anaemia 

104® 

— 

- 

- 

Hag. 

Tuberculosis of lungs 

102.5® 

± 

- 

- 

Mer. 

Unexplained fever— 
Tbc.? 

103.5® 

““ 



Hin. 

Osteomyelitis (staph¬ 
ylococcus) 

o 

O 


+ + + 

-f-f 

McD. 

Measles 

o 

oo 

O 

— 

- 

— 

Pc. 

Chicken pox 

O 

o 

- 

- 

- 

Mac. 

Endocarditis {Strep¬ 
tococcus viridans) 

104® 


+ 

=b 


* Approximate estimation. 


In addition to the hemolytic streptococcus infections and cases of 
acute rheumatic fever just mentioned, single tests were made on sera 
obtained in a miscellaneous group of diseases. The results are listed 
in Table I. 

From Table I it can be seen that patients, whose sera precipitated 
pneumococcus Fraction C, were in each instance suffering from disease 
associated with Gram positive cocci. The number of cases so far 
available is too few to attach undue significance to this point. How¬ 
ever, the results suggest that etiological agent and serological reac¬ 
tivity with Fraction C may have some causal relationship. 
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DISCUSSION 

The observations recorded in this communication have been made 
with a constituent of pneumococcus cells which is chemically distinct 
from both the type-specific capsular carbohydrate and the somatic 
nucleoprotein. Although pneumococcus Fraction C in all prob¬ 
ability is a nitrogenous sugar, it differs from the soluble specific sub¬ 
stance in that it possesses no type-specificity and is contained, as a 
common species constituent, within the body of the cells. Pneumo¬ 
coccus Fraction C appears to be analogous to the somatic carbo¬ 
hydrate isolated from hemolytic streptococci by Lancefield (10). 

By testing sera obtained from cases of lobar pneumonia during the 
progress of the disease two interesting observations were made. The 
first of these is the early appearance of precipitins for C substance and 
the second is the complete disappearance of the phenomenon 1 to 3 
days after crisis. Sera obtained from patients on the day of admis¬ 
sion to the hospital have in every instance reacted with Fraction C. 
This was true even of cases admitted in the first 24 hours of disease. 
Since the serum of no normal individual has exhibited this reaction, 
the appearance of C precipitins is associated closely with the onset of 
pneumonia. Although an explanation of the phenomenon is not yet 
available, a possible interpretation is suggested by the so-called 
“anamnestic^’ reaction. Cole (13) found that in an animal which 
had previously been immunized and in which the antibodies in the 
blood had disappeared a subsequent injection of the original anti¬ 
gen caused antibodies to reappear more rapidly than did the primary 
injections. Bieling (14) employing two antigens (5. dysenteriae and 
B. typhosus), found that the reinjection of one brought back heterol¬ 
ogous as well as homologous antibodies. In the course of similar 
experiments McKenzie and Friihbauer (15) using four antigens of 
remote biological origin were able to cause heterologous antibodies 
promptly to reappear by the injection of one antigen. Applying the 
principles involved in the “anamnestic” reaction to the observations 
recorded in this paper, it is possible that the occurrence of pneumo¬ 
coccus C precipitins early in pneumonia may be determined by a 
previous experience of the individual with some suitable bacterial 
antigen. 

In addition to the observations with Fraction C, the investigation 
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was extended to include a more complete study of the occurrence 
during pneumonia of antibodies reactive with pneumococcus con¬ 
stituents. In these latter experiments, therefore, tests were made for 
antibodies reactive with: 1. Type-specific capsular polysaccharide; 
2. Non-type-specific somatic polysaccharide; 3. Non-type-specific 
somatic nucleoprotein. By charting the result of these serological 
reactions with reference to the course of the disease, the occurrence of 
each of the qualitatively different antibodies was shown to follow a 
different course. It is an interesting fact, therefore, that during a 
single infection, the body responds in such a manner that antibodies 
reactive with different components of the causative organism become 
demonstrable at different stages of the disease. The results serve to 
illustrate the complexity of the immunological mechanism which 
presides over the response to bacterial infection. The observations 
recorded in this paper also demonstrate that the reactivity of a 
patient^s serum with pneumococcus C substance is not specific for 
pneumococcus infection. Sera from a limited number of febrile dis¬ 
eases due to other causes have been tested. In this small group, 
precipitation of C fraction occurred most definitely in those instances 
where Gram positive cocci were proven to be or were suspected of 
being the etiological agent. If the implications contained in these 
few cases are substantiated by a larger number of tests the results 
suggest some, as yet undetermined, broad relationship existing 
among certain bacterial infections. 

SUMMARY 

1. Sera from individuals acutely ill with lobar pneumonia possess 
the capacity to precipitate in high titre a non-protein somatic fraction 
derived from pneumococci (Fraction C). Following crisis the reaction 
is no longer demonstrable. 

2. Sera obtained from cases of pneumococcus pneumonia during 
illness and convalescence have been tested for antibodies specifically 
reactive with three chemically distinct constituents of Pneumococcus. 
The results, when correlated with the course of disease, demonstrate 
differences in the occurrence of each qualitatively distinct antibody. 

3. The precipitation of pneumococcus Fraction C is not limited to 
the sera of individuals ill with pneumococcus infection. But in the 
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few other cases available for comparative tests, definite reactions 
have been obtained only in streptococcus and staphylococcus infec¬ 
tions and in acute rheumatic fever. 
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CUTANEOUS REACTIONS IN PNEUMONIA. THE DE< 
VELOPMENT OF ANTIBODIES FOLLOWING THE INTRA- 
DERMAL INJECTION OF TYPE-SPECIFIC 
POLYSACCHARIDE 

By THOMAS FRANCIS, Jr., M.D., and WILLIAM S. TILLETT, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, June 26,1930) 

In a previous communication (1) the occurrence of cutaneous re¬ 
actions to the polysaccharides and proteins of Pneumococcus during 
lobar pneumonia was reported. The investigation disclosed the 
interesting fact that the capsular carbohydrates of Pneumococcus were 
capable of inciting a reaction when injected intradermally. The 
character of the response and the conditions under which it was 
obtained are briefly summarized as follows: The characteristic reaction 
is the development of an immediate wheal and erythema at the site of 
injection; a positive reaction was first elicited at or about the time of 
crisis; it was produced only by the polysaccharide homologous in type 
to that of the Pneumococcus causing the disease; at the time of reac¬ 
tion type-specific antibodies for the homologous organism were 
demonstrable in the patientserum. 

In contrast to the polysaccharides, the so-called nucleoprotein frac¬ 
tion of the Pneumococcus evoked a delayed response which reaches its 
height in 24 hours. It simulated in appearance the tuberculin reaction. 
The protein reaction generally appeared first early in convalescence 
and tended to become progressively more marked during the course of 
recovery. Circulating antibodies for the nucleoprotein were present 
in approximately equal concentrations during the periods of acute 
illness and recovery. The protein reaction bore no specific relation 
to the type of Pneumococcus producing the infection. 

The present report includes further observations on cutaneous re¬ 
actions to pneumococcus fractions and deals especially with the appear¬ 
ance of antibodies for more than one specific type of Pneumococcus 
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in the serum of convalescent patients. The individuals whose sera 
presented these unusual reactions had received repeated intradermal 
injections of the pneumococcus carbohydrates. The possible rela¬ 
tionships between the repeated injection c.f the specific substances and 
the antibody formation will be discussed. 

Materials and Methods 
A. Skin Test Materials 

1. Type-Specific Capsular Polysaccharides. —The type-specific polysaccharides 
were obtained in purified form from Types I, II and III Pneumococcus by the 
method of Heidelberger and Avery (2). They are chemically and serologically 
distinct and have been identified with the capsular material of the cell. The 
Type II and Type III polysaccharides are nitrogen-free; that of Type I contains 
5 per cent nitrogen as part of the sugar molecule (vl). The polysaccharides were 
diluted in physiological salt solution to a concentration of 1:10,000 and 0.1 cc. 
containing 0.01 mg. of the specific soluble substance was injected intracutane- 
ously. Skin tests were repeated at intervals throughout the disease and con¬ 
valescence. 

2. Nucleoprotein. —The nucleoprotein was prepared by the method of Avery 
and Morgan (4) from an R strain derived from a Type II S organism. The 
material was standardized on the basis of nitrogen content and 0.01 mg. of protein 
in 0.1 cc. of physiological saline was used in all tests. These tests were repeated at 
approximately weekly intervals during the patient’s stay in hospital. 

B, Titration of Sera for Antibodies 

At intervals during the acute illness and convalescence samples of serum were 
obtained and tested for the presence or absence of circulating antibodies. 

1. Type-Specific Antibodies, —The presence in the serum of type-specific anti¬ 
bodies was determined by (a) agglutination, and (b) passive protection of mice. 

a. Type-Specific Agglutinins. —0.5 cc. of varying dilutions of the serum to be 
tested was mixed with 0.5 cc, of a heat-killed suspension of type-specific pneumo¬ 
cocci. Final readings were made after the mixtures had been incubated for 2 
hours in the water bath and then placed in the ice box overnight. 

b. Passive Protection of Mice. —The capacity of patient’s serum to protect mice 
against infection was tested by the usual technique. 0.2 cc. of serum diluted to 
0.5 cc. with salt solution was employed. So far as possible each serum was tested 
against pneumococci of Types I, II and III. The cultures used were invariably 
fatal for mice in doses of 0.0000001 cc. 

2. Antibodies for Nucleoprotein.—-kn\Sbod\e,% for the nucleoprotein material 
were determined by the precipitin reaction as previously described (1). 
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A study of the cutaneous response to the injections of the type- 
specific polysaccharides of the Pneumococcus and of the occurrence of 
circulating antibodies has been made in 74 cases of lobar pneumonia. 
The results confirm earlier observations and may be briefly summarized 
as follows: Positive reactions were elicited only with the homologous 
polysaccharide at crisis or shortly thereafter; homologous type- 
specific antibodies were demonstrable in the serum of each reactive 
patient. In no instance was a positive skin reaction to a polysac¬ 
charide obtained in the absence of circulating antibodies for the type 
of Pneumococcus from which the polysaccharide was derived. Table 


TABLE 1 

The Incidence of Cutaneous Rcadions to the Homologous Polysaccharide in Con¬ 
valescent Patients 


Type of infecting organism 

No. patients 

No. positive reaction 

Per cent giving positive 
reactions 

I 

21 

21 

100 

II 

17 

10 

58.8 

III 

9 

4 

44.4 


13 recovered cases of Group IV—no reactions to polysaccharides of Types I, 
II, III. 

5 recovered cases of Type II (atypical)—no reactions to polysaccharides of 
Types I, II, III. 

9 fatal cases of various types—no reactions to polysaccharides of Types I, 
II, III. 

I shows the relative frequency of positive reactions to the homologous 
type of polysaccharide in patients convalescent from Type I, II or III 
pneumonia. All but 4 of the Type I cases were treated with anti¬ 
pneumococcus Type I serum. 

From Table I it can be seen that positive cutaneous reactions were 
obtained in all of the Type I cases and in approximately 50 per cent of 
the Types II and III patients. The polysaccharides of Types I, II 
and III elicited no response in the 13 Group IV and the 5 atypical 
Type II patients. The absence of reactivity in the 9 fatal cases agrees 
with earlier experiences in that in patients with lethal termination 
no reaction was obtained. 12 patients convalescent from Type II 
or Type III pneumonia also failed to react but in 8 of them no reaction 


410 


CUTANEOUS REACTIONS IN PNEUMONIA 


would be expected since their sera contained no circulating antibodies; 
the sera of the remaining 4 patients contained circulating antibodies 
but no reaction to the polysaccharide occurred. Thus, of the en¬ 
tire group of patients included in Table I a positive skin reaction 
was expected in 39 by virtue of the fact that they were recovered 
cases of Type I, II or III infection whose sera contained type-specific 
antibodies. Positive reactions were obtained in 35 of them. 

The cutaneous response to the nucleoprotein fraction of the Pneumo¬ 
coccus was studied in the same group of cases. The results have 
confirmed the validity of the earlier conclusions. The delayed pro¬ 
tein reaction appeared first during convalescence. The reactivity of 
the patient did not appear to be influenced by the titer of circulating 
antibodies for the protein fraction. 

Occurrence of Antibodies to Heterologous Types of Pneumococcus 

Other observers have repeatedly demonstrated the occurrence of 
circulating antibodies for the homologous type of Pneumococcus at or 
about the time of crisis. The present investigation confirms these 
results and, in addition, discloses the fact that at the time when type- 
specific antibodies are first demonstrable in the blood the patient 
becomes reactive to the cutaneous injection of the homologous type- 
specific polysaccharide. The reactions have been specifically limited 
to the homologous types. In the present study repeated tests were 
ipade with the type-specific polysaccharides of Types I, II and III 
with a view to determining the length of time through which the 
reactive capacity might persist. In view of the fact that positive 
results at the time of recovery were strictly limited to the homologous 
type, it was rather surprising to observe after repeated tests that a 
positive skin reaction was obtained in certain instances with a polysac¬ 
charide of heterologous type as well. With the appearance of the 
skin reaction to the heterologous polysaccharide, circulating antibodies 
for the heterologous type of Pneumococcus were demonstrable in the 
patient^s serum, in addition to those for the homologous type. The 
chief interest in this report, therefore, is concerned with the develop¬ 
ment of specific antibodies for more than one type of Pneumococcus 
in patients who have repeatedly received intradermal injections of 
type-specific carbohydrates. These “additionar^ antibodies were 
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characterized by the fact that they were heterologous in type to that 
of the infecting organism and were not demonstrable at crisis but 
appeared 1 to 3 weeks after the patient^s recovery. These features 
were disclosed as a result of what at first appeared to be a discrepancy 
in specificity of the cutaneous reaction. The results can be more 
clearly brought out by describing in detail the course of events in one 
patient. 

if. i4a girl of 14 years, suffering from Type II pneumonia was admitted on the 
second day of disease. No circulating antibodies were demonstrable in the 
patient^s serum at this time. Crisis occurred on the tenth day. On the thirteenth 
day skin tests with the polysaccharides of Types I, II and III revealed a positive 
reaction only to the Type II material. The serum taken shortly thereafter con¬ 
tained circulating antibodies for Type II Pneumococcus alone. 8 days after the 
first test the skin tests were repeated and at this time positive reactions occurred 
both to Type II and Type 1 polysaccharides. At this time her serum contained 
antibodies for Type I as well as for Type II Pneumococcus. (See Chart 1.) 

Because of the appearance of heterologous antibodies and skin re¬ 
actions a series of patients was studied in order to determine the 
frequency with which the phenomenon occurred. Skin tests and 
antibody determinations were made at varying intervals in 18 patients. 
Of these, 3 were cases of Type I pneumonia, 7 of Type II, 3 of Type III 
and 5 of Group IV. At or about the time of crisis antibodies for the 
homologous type of Pneumococcus appeared in all but 2 of the Types I, 
II and III patients. In the Group IV cases tests were not carried 
out with the homologous organism. However, in no instance were 
heterologous antibodies demonstrable at that time. As convalescence 
progressed, repetition of skin tests and antibody determinations 
revealed that there had developed^ since they were previously absent, 
specific antibodies and a positive skin reaction for at least one of the 
heterologous types of Pneumococcus. Table II shows the intervals 
between the appearance of homologous and heterologous antibodies 
in relation to the day of disease and recovery. 

From Table II it can be seen that in 10 of the 18 patients heterolo¬ 
gous antibodies were detected during convalescence; in 3 Type I 
patients, 4 Type II, 2 Type III, and 1 of Group IV. In the great 
majority of cases the presence of circulating antibodies for the heterol¬ 
ogous type was first indicated by a positive skin test to the polysac- 
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TABLE II 

Dijfercnces in Time of Appeara^ice of Homologous and Heterologous Antibodies in 
Patients Receiving Skin Tests with Type-Speci fic Polysaccharid _ 


Patient 

Antibodies to homoiogous 
type 

Antibodies to heterologous 
types 

Day of 
crisis 

Type 

Day observed 

1 Type 

Day 

ob¬ 

served 

L. H. (serum), No. 7165. 

I 

3 



III 

17 

6 

M. P. (serum), No. 7263. 

I 

8 


II 


14 

5 

F. R., No. 7253. 

I 

9 


II 


22 

7 

M. C., No. 7183. 

II 

14 

I 



19 

5 

G. M., No. 7248. 

II 

10 

I 



19 

9 

E. C., No. 7269. 

II 

11 

I 



18 

9 

M. A., No. 7261. 

II 

15 

I 



22 

10 

H. R., No. 7262. 

III 

6 


II 


19 





I 



26 

8 

K. R., No. 7143. 

III 

5 

I 

II 


21 

4 

A. P., No. 7211. 

IV 

Not determined 

I 



26 


' 





III 

44 

7 

M. C., No. 7189. 

II 

15 

0 

0 

0 


8 

I. S., No. 7195. 

II 

9 

0 

0 

0 


6 

C. Q., No. 7225. 

II 

0 

0 

0 

0 


7 

J. F., No. 7171. 

III 

0 

0 

0 

0 


10 

G. B., No. 7178. 







8 

R. F., No. 7256. 







Q 

T. R., No. 7197. 

IV 

Not determined 

0 

0 

0 


y 

5 

G. R., No. 7236. 







8 
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charide of that type. The type of Pneumococcus for which 
heterologous antibodies developed was in 7 instances Type I, in 4 T)T)e 
II, and in 2 Type III. In 3 cases specific antibodies for 2 heterologous 
types appeared. Although the homologous antibodies were detecta¬ 
ble at the time of crisis, those for heterologous types were usually noted 
in the second week of convalescence, the earliest being 9 days after 
recovery, the latest 37 days after recovery. The period of time during 
which antibodies were detectable in the serum and skin reactivity 
remained positive varied from a few days to several months. 

These observations led to the hypothesis that the mechanism involved 
in the production of antibodies for heterologous types of Pneumococcus 
was associated with the intradermal inoculations of the t 3 rpe-specific 


TABLE III 

The Incidence of Type-Specific Antibodies in the Control Series of Patients 


Type of infecting organism 

No. cases 

Antibodies for homologous 
type of Pneumococcus 

Antibodies for heterolo¬ 
gous types of Pneumo¬ 
coccus 

I 

6 

5 

!♦ 

II 

6 

6 

!♦ 

III 

2 

2 

0 

Group IV 

7 

Not determined 

!*• 


* Type III antibodies present during disease and recovery. 
** Type II antibodies present during disease and recovery. 


polysaccharides. In order to obtain more information on this point 
the next 21 pneumonia patients admitted to hospital were studied as 
controls. In this series no injections of the specific polysaccharides 
were made but the serum was tested at intervals for circulating type- 
specific antibodies to Pneumococcus Types I, II and III. In the 
Group IV cases tests were not made for antibodies reactive with the 
infecting organism. In most of the 21 cases homologous antibodies 
were observed at the time of recovery. However, in striking contrast 
to the group of patients which had received repeated injections of the 
specific soluble substance, no patient in the control series developed 
antibodies for a heterologous type. In only 3 patients (1 each of 
Types I, II and Group IV) antibodies for a type other than that of the 
infectious agent were observed. In these three instances the presence 
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of the heterologous antibodies was detected in low titre early in the 
acute illness and the concentration of the antibodies did not increase 
during convalescence. They, theref i^re, bear no apparent relation to 
the present infection but are presumably attributable to a preexisting 
state. This interpretation is substantiated by the fact that some nor¬ 
mal individuals possess in their serum type-specific antibodies. 

Table III presents the distribution of the types of Pneumococcus in 
the control group of patients and the number in whom circulating 
antibodies were detectable. 

The 21 patients who served as controls were comparable to the test 
group with regard to age incidence, distribution of types of infecting 
Pneumococcus, severity of the infection and period of observation. 

The patients in whom heterologous antibodies were observed, re¬ 
ceived injections of 0.01 mg. of the type-specific capsular polysac¬ 
charides derived from the Pneumococcus of Types I, II and III. 
The average number of injections before the appearance of antibodies 
for the corresponding type of Pneumococcus was three. In 3 cases the 
antibodies were detected after a single injection. The largest total 
amount which was followed by heterologous antibody production was 
O.OS mg. whereas in other cases heterologous antibodies did not de¬ 
velop even after the injection of as much as 0.08 mg. of the polysac¬ 
charides. These irregularities demonstrate the fact that the 
production of antibodies is not solely dependent upon the quantity of 
polysaccharides injected. The average time between the last injec¬ 
tion and the appearance of the antibodies was 6 to 10 days but in one 
case they were first detected 20 days after the last injection. The 
exact data regarding the individual patients in whom antibodies for 
heterologous types of Pneumococcus developed are presented in 
graphic form in composite charts. These charts show in relation to the 
day of disease, the time of appearance of type-specific agglutinins and 
mouse protective antibodies for homologous and heterologous types 
of Pneumococcus, the time, number and results of skin tests with the 
3 type-specific polysaccharides and the period during which the obser¬ 
vations were continued. 


DISCUSSION 

The primary interest of the present work centers in a group of 18 
cases of lobar pneumonia 10 of whom, in convalescence, developed 
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Chart 1 . The development of heterologous antibodies in patients receiving intradermal injections of 
t>pe-specific polysaccharides. 
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circulating antibodies for at least one type of Pneumococcus heterolo¬ 
gous to that etiologically related to the disease. All of the patients in 
whom the phenomenon was observed had received repeated intra- 
dermal injections of 0.01 mg. of specific cajisular polysaccharide from 
each of Types I, II and 111 Pneumococcus. Antibodies for the 
homologous type of Pneumococcus appeared at about the time of 
crisis. Antibodies for heterologous types, on the other hand, appeared 
usually in the second week of convalescence after 1 to 5 injections of 
the respective polysaccharides. 

A control group of patients, 21 in number, received no skin tests. 
Their sera, in the great majority of instances, contained antibodies for 
the homologous type of Pneumococcus. In 3 of these cases antibodies 
for a heterologous type were present but the time of appearance 
differed from that of the antibodies observed in the first group in that 
they were detectable in low concentration not only in convalescence 
but during the acute illness as well. Nor was any increase in concen¬ 
tration observed during convalescence. Antibodies to the heterolo¬ 
gous types which were encountered in these 3 cases, apparently 
preexisted and their appearance is presumably unrelated to any inci¬ 
dent occurring in the course of the present infection. The validity of 
this supposition is borne out by the fact that type-specific antibodies 
may be found in the serum of certain normal individuals, who give no 
history of lobar pneumonia. But, in no case were heterologous anti¬ 
bodies first detected in convalescence unless the patient had previously 
received intradermal injections of the type-specific polysaccharides. 

Many investigators have noted the presence of specific antibodies 
for the homologous strain or type of Pneumococcus in the blood of 
pneumonia patients at the time of crisis. Bacteriotropins (5, 6, 7), 
agglutinins (5, 7, 8, 9, 10, 11, 12) and protective antibodies (13, 14, 
15, 6, 12) have all been demonstrated but so far as can be discovered, 
in no instance has the development of antibodies for a heterologous 
type been described. Chickering (11) in 1914 followed the course of 
agglutinin production to all types throughout convalescence in 40 cases 
but found only antibodies for the homologous type. Clough (7) in 
1919, using the serum of patients convalescent from pneumonia due 
to known types of Pneumococcus, obtained similar results with 
phagocytic and agglutination reactions. In the sera of 25 normal 
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individuals, however, Clough (16) found protective antibodies for 
Type I in 4 of 18 tests, for Type II in 8 of 18 tests; and of 19 tests for 
Type III antibodies, 8 were positive. Ward (20) tested the capacity 
of the defibrinated blood of normal individuals to inhibit the growth 
of pneumococci of Tj^es I, II and III. In each instance a variable 
degree of pneumococcidal action was observed against one or more 
types of the organism. Furthermore, this property was present in 
the blood of patients early in the course of pneumonia even against 
the type of Pneumococcus producing the infection. Robertson and 
Cornwell (21), employing serum-leucocyte mixtures from normal 
human beings, found that the blood of all persons tested by this method 
possessed pneumococcidal properties for at least one type of Pneumo¬ 
coccus and in the majority of instances for two or more types. 

In evaluating the factors involved in the production of antibodies 
for types of Pneumococcus heterologous to that causing the infection 
several possible mechanisms may be considered. 

It is possible that antibodies for other types were present before the 
onset of disease and were masked during the acute infection only to 
return with convalescence. Or that, present in minimar amounts 
before the disease, the infection served to cause an outpouring of anti¬ 
bodies in detectable concentrations,—the anamnestic reaction first 
observed by Cole (17). 

Interconvertibility of types as described by Griffith (18) and later 
studied by Dawson (19) offers a possible explanation. One might 
assume that with the development of type-specific antibodies to the 
homologous organism a change of tjT)e occurred and, as a result, 
antibodies to the secondary type appeared. 

The evidence presented in this report implicates the polysaccharides 
employed in intracutaneous tests and suggests that they were antigenic. 
On the basis of this assumption, the conditions under which the 
investigation was carried out may have favored antibody production. 
No previous data are available regarding the antigenicity in humans 
of the purified type-specific polysaccharides of the Pneumococcus. 
On the basis of animal experiments in this laboratory these substances, 
in the pure state, are considered non-antigenic. It is possible, how¬ 
ever, that in the process of recovery from infection, a highly reactive 
state exists in the human organism which responds to stimuli otherwise 
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ineffective. In the removal of the inflammatory material from its 
focus in the lungs, as takes place in pneumonic resolution, the absorbed 
material may act as an adjunct to the polysaccharides (the “Schleppe” 
of the German investigators) forming a combination possessing anti¬ 
genic properties. The polysaccharides which, under ordinary condi¬ 
tions, are haptens, may then acquire antigenic properties and determine 
the specificity of the antibodies produced. It is of course also possible 
that the particular preparations used in this study, although they were 
prepared with great care, still contained minute amounts of combined 
polysaccharides. 

At present it is impossible to offer any final statement as to the exact 
mechanism by which antibodies for the heterologous types are pro¬ 
duced. Further work is being carried on with normal individuals 
and patients in an attempt more completely to elucidate the factors 
which play a r61e in the development of these heterologous antibodies. 

SUMMARY 

The majority of patients convalescent from pneumonia due to 
Types I, II and III Pneumococcus develop at the time of recovery 
circulating antibodies for the homologous t 3 q)e of organisms. At the 
same time an immediate wheal and erythema reaction followed the 
intradermal injection of the homologous type-specific polysaccha¬ 
ride in 100 per cent of Type I patients, 58.8 per cent of Type II pa¬ 
tients, and 44 per cent of Type III patients. 

In a group of 18 patients repeatedly tested with the type-specific 
polysaccharides, 10 developed in the second or third week of convales¬ 
cence circulating antibodies for one or more heterologous types. In 
none of 21 control patients was this phenomenon observed. 

It is suggested that the development of circulating antibodies for 
heterologous types of Pneumococcus was associated with the previous 
intradermal injections of the type-specific polysaccharides. 
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ANTISTREPTOCOCCUS SERUM TREATMENT OF PATIENTS 
WITH RHEUMATIC FEVER 

By C. H. HITCHCOCK, M.D., CURRIER McEWEN, M.D., and HOMER F. 

SWIFT, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

In the present stage of the therapy of rheumatic fever, any prom¬ 
ising remedial agent deserves serious consideration. Except for the 
antiarthritic and antipyretic drugs, together with the usual meas¬ 
ures of strict hospital routine, we have been without means of influenc¬ 
ing the course of this infection. It is true that in certain instances 
these drugs have been reported to exert a favorable effect upon pro¬ 
longed conduction time,' and that occasionally the symptoms of 
carditis respond in as pleasing a fashion as does arthritis; neverthe¬ 
less common experience has taught that the salicylate effect usually 
represents an interlude in the course of a disease which, once established, 
frequently proceeds relentlessly to the production of serious and often 
eventually fatal lesions. The appearance of subcutaneous nodules 
in patients under the full influence of salicylate or neocinchophen has 
been cited as demonstrating the inability of these drugs to prevent 
the occurrence of more deeply seated damage concomitantly wrought. 
The importance of the claims of Small,^ that the serum developed by 
him is competent to arrest this damage, can, therefore, scarcely be 
overestimated; and in view of his results, as well as of the enthusi¬ 
astic report of Baruffaldi,® together with the claims of earlier in¬ 
vestigators, it has seemed well worth while to investigate further 
the effects of antistreptococcus serum upon the course of the disease. 

In view of the possibility that many types of streptococci may act 
in the causation of the disease in subjects peculiarly hypersensitive, 
it seemed reasonable to attempt to determine whether different anti¬ 
streptococcus sera might not have similar therapeutic effects. 

Commercial antitoxic and antibacterial antiscarlatinal serum pre¬ 
pared by the New York City or State Health Departments was 
employed as antihemolytic streptococcus serum. Through the kind- 
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ness of Dr. Small, a quantity of S.C.A. (indiflFerent streptococcus) 
serum, both bovine and equine, was made available. Tb equine 
serum was in concentrated form. For the production of uAia-green- 
streptococcus serum a strain, VllOA, originally isolated from an 
excised subcutaneous nodule, was chosen. With this organism a 
heifer was immunized by the intravenous route, first with heat- 
killed vaccine, eventually with large quantities of living culture. 
After several months’ immunization the animal was bled, and about 
3 liters of serum of agglutinin titer approximately 1 to 5000 were 
obtained. This serum, hereinafter referred to as VllOA bovine, was 
stored in the icebox without preservative. 

The intramuscular route of administration was always employed, 
except in one instance when the serum was given intravenously. 
Suitable intradermal tests with normal sera were always carried out, 
and, except in two cases referred to below, no serum to which there 
was evidence of skin sensitiveness was employed. 

The evaluation of the effect upon rheumatic fever of any therapeutic 
measure is a matter of no mean difficulty. The universal application 
of salicylate therapy has served in a measure to obscure the really 
tremendous variability in the course of the disease, particularly with 
respect to such aspects as fever and arthritis. Reference to the older 
literature^ reveals how well this variability was realized before the 
introduction of antirheumatic drugs. It has been no unusual ex¬ 
perience with us to observe marked improvement in these mani¬ 
festations, occasionally even complete relief, under expectant therapy 
alone, within a few days of hospitalization. In the absence of ade¬ 
quately prolonged control periods, such improvement might well 
have been ascribed to serum therapy, had this been undertaken 
shortly after the admission of the patient. With regard to severe 
carditis or to pericarditis, the known tendency of these conditiqns 
to pursue more or less self-limited cycles has removed uncertainty 
to some extent, provided that the treatment has been undertaken 
sufficiently early in the cycle to warrant the supposition that spon¬ 
taneous improvement has not been at hand. Even so, however, the 
uneven course of the disease forbids too dogmatic an interpretation 
of results. 

In this study, emphasis has been laid upon an attempt to secure 
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a^iequacy of the control period, save only when the condition of the 
l atient has rendered immediate action imperative. In the case of 
arthritic patients, it seemed desirable to give serum only after several 
days’ observation had apparently established that the disease was 
running an irregularly continuous course without remissions, or at 
best with slight and temporary ones; or when, in spite or irregularities 
in temperature, intensification of the arthritis, with involvement 
of fresh joints, seemed to indicate the imminence of renewed acti¬ 
vity of the infection. Even so, it is with a certain degree of reser¬ 
vation that the occasional improvement of joint symptoms has been 
attributed to the serum. As regards carditis and pericarditis, the 
indications have been much clearer; lengthy control periods have 
usually been precluded, because in each instance the patient has 
been in the grip of so serious an infection that rapid spontaneous 
recovery has seemed out of the question. Favorable results observed 
in this group we have felt might be ascribed largely to the therapy 
employed, which, let it be noted, was a combination of serum and 
drug. 

The relief only of the major manifestations of rheumatic fever 
cannot be taken to indicate recovery from the disease, in view of the 
chronicity of manifestations which may be masked by the use of sali¬ 
cylates. Such items as persisting leukocytosis, subfebrile tempera¬ 
ture, failure to gain weight, and variability of the electrocardio¬ 
gram are now recognized as indicative of persistent infection. No 
less important, therefore, than adequacy of the preliminar>’ control 
is minute observation of the patient during the period through 
which the serum effect may reasonably be expected to persist. This 
is placed by Small at three weeks or more. It is of course of para¬ 
mount importance for a proper study that drugs should be withheld 
during this period. In our study the period of withholding other 
remedies has only occasionally be so extended, either because of 
absence of beneficial effects within a few days or because of relapses 
well before the termination of the prescribed interval. Such relapses, 
observed not later than two weeks following the treatment, may 
reasonably be considered as therapeutic failures regardless of the 
degree of temporary benefit observed. After ail, temporary benefit 
may usually be rapidly secured with antirheumatic drugs; hence 
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before these can be supplanted by serum, it must be shown that the 
action of the latter is comparably efficient and reasonably prolonged. 
With these considerations in mind, we have endeavored to determine 
as accurately as possible the post-therapeutic course of our patients. 
The results of the observations have been summarized upon special 
charts as well as in bedside notes. 

To judge critically a single therapeutic agent one should eliminate 
other favorable influences which arise from hospitalization, adequate 
nursing, complete rest and proper food; yet these measures are 
requisite for the patient’s welfare. It seems scarcely necessary to 
emphasize how much more confusion would result if, simultane¬ 
ously with the serum therapy, were exhibited such drugs as sodium 
salicylate in arthritis, or bromids or luminal in chorea. Such a 
study might illustrate still further the efficacy of the drugs, but would 
be without value with respect to the serum. As far as possible, there¬ 
fore, we have, except in the case of severely ill patients, abstained 
from the use of salicylates until satisfied of the failure of the serum. 
Unfortunately, in a few instances, salicylate was administered at 
or before the time when the serum effect might have been manifest, 
and thus the post-serum control period has been inadequate. These 
few patients, observed in a preliminary study, are included only for 
the sake of completeness. In the presence of circulatory failure, it 
has similarly seemed preferable to withhold digitalis insofar as pos¬ 
sible. While it is theoretically improbable that this drug would 
influence an active rheumatic infection, the antipyresis occasionally 
observed following its administration to patients with congestive 
failure might confuse the picture were it employed in combination 
with serum therapy. 

Occasionally other irregularities have crept in, as stated in the 
footnotes to the tables. Attempts at desensitization of two serum 
allergic patients did not prevent alarming anaphylactoid manifes¬ 
tations after larger doses of serum. Sometimes intradermal tests 
have been carried out with streptococcal proteins, either during the 
period of treatment, or shortly before. Although the combined dosage 
of these proteins never exceeded 0.03 mg., we have subsequently come 
to realize that this amount is at times sufficient to determine general 
and focal exacerbations of the disease. 
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The results are summarized in Tables I to IV, and in illustrative 
case histories at the end of the paper. In accordance with the advice 
of Dr. Small, the large doses originally employed were later replaced 
by smaller ones; consequently it has been necessary to subdivide 
the tables to follow the alteration of method. 

Comment upon these results is interesting. The one patient with 
chorea to whom the scrum was given failed entirely to show evidence 
of improvement. A disappointing failure to influence polyarthritis 
favorably has been encountered, for among 12 patients with this 
symptom only 3 showed complete and permanent relief; 2 after S.C.A. 
serum and 1 after antiscarlatinal. Various degrees of improvement 
which because of their evanescence can only be classed as failures, 
were noted following all three sera. Surely this result is eloquent. 
Were salicylate as ineffectual as scrum in this condition, its use would 
long since have been abandoned. Four patients with carditis showed 
no evidence of even temporary improvement; in 2 of them the disease 
progressed steadily to death. In Case 4 a severe carditis developed 
well within a week of the completion of the serum therapy, and 
shortly thereafter a crop of subcutaneous nodules appeared. When 
such nodules were present before the institution of scrum therapy, 
their normal involution showed no acceleration. In the case of peri¬ 
carditis, however, an attitude of complete pessimism seems unwar¬ 
ranted. It is possible that the combination of drug therapy, given 
because of the serious character of the symptoms, together with the 
serum was responsible for the favorable results. Such mixed treat¬ 
ment doubtless confuses validity of conclusions, though it may be 
argued that drugs alone usually exert only a mild influence upon the 
course of pericarditis. But the prompt and progressive improve¬ 
ment following the combined therapy in Cases 7, 11 and 17 was 
probably not attributable entirely to the drug. Although the ef¬ 
fect of spontaneous improvement might possibly be evoked in Cases 
7 and 11, it is unlikely it would apply in Case 17, where treatment 
was given at the upturn of the cycle. Obviously, results from such 
small series as the present cannot settle the point, but can merely indi¬ 
cate possibilities which can be affirmed only after extensive and pains¬ 
taking observation. 

Various reactions quite apart from the usual manifestations of 
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in small doses during 
treatment; pleuritic re¬ 
lapse 2 weeks after 
treatment; thereafter 
did well. 



TABLE I—Concluded 
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arthritis marked pulse and res- anticarditic; on account of serious 

piration (1)—3 hrs.; marked antiperi- condition; no relapse 

delirium, toxemia, cy- carditic; marked followed drug with- 

anosis (1)—3 hrs. antitoxic drawal at end of serum 

course. 
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Three days later mild re¬ 
lapse of 6 days* dura¬ 
tion; thereafter perma¬ 
nent relief. 

After 2 days given neo- 
cinchophen with prompt 
antipyretic and antiar- 
thritic effect; other con¬ 
ditions improved more 
slowly but steadily. 
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first dose only; 
cardiac and pul¬ 
monary condition 
worse 

1 

i 

O 



u 

•X3 

M 

> 

X 

•5 


ti 


'd 52 

.9 

W rl 



1 

IS 

> 




w 

o 

O 


CN 



i- 

fO 

O'! 



& 

.52 

1 

■3 a 

ill 


rt A 

U 

»o 

fO 




Q 

c/i ^ 

u 

l^si 



t09 

lO 

VO 

cs 

cs 


8 

a 


8 

ca 

§ 


d 

o 


> 

3 -S V 

h| ^ 

•a I ‘ 

t3 u 
0) d 
^ —• 
d ■ 

73 

.s 

■4-» 

o 

12; 


o 

i 

1 

§ 

'a. 

fi 

o 

3 




Nol 
1 pe 

■g 

o 

o 

d 

II 

.2 

4 .> 

d (D 
rj* c/J 

£: 

sg 

4-1 

a> 

CO 

43 

O 


l2 

g 



< m 



434 


ANTISTREPTOCOCCUS SERUM 


serum sickness have been noted, irrespective of the type of serum 
employed. The most usual occurrence has been a rise in the tempera¬ 
ture, occasionally quite abrupt, at an interval of from three to 
eight hours following injection. The interpretation of the fever 
curves is not always an easy matter, because of the innate uneven¬ 
ness of their course; in questionable cases one must judge as well as 
possible by comparison with the control period. Usually, but not 
always, a coincident tachycardia was noted, and occasionally there 


TABLE IV 

Summary of Therapeutic Results* 




S.C.A. 

serum. 

VllOA 
serum. i 

Scarlatinal 

antitoxin. 

Totals. 


Failure. 

i 

y 

Ui 

i 

Success. 

Failure. 

I 

to 

Failure. 

Chorea. 

1 

0 

1 





0 

1 

Arthritis. 

12 

2 

3 

0 

5 

1 

1 

3 

9 

Pericarditis. 

3 

2t 

0 

It 




3t 

0 

Carditis. 

4 

0 

2 


1 


1 

0 

4 

Totals. 

20 

4tt 

6 

It 

6 

1 

2 

6§ 

14 


* Does not include Cases 1,5,12,21,22 or 23. 

** The term ‘‘success” must be accepted with the qualifications expressed in the 
text. 

t These patients received neocinchophen in addition. 

tt Two of these patients received neocinchophen in addition. 

t This patient received neocinchophen in addition. 

§ Three of these patients received neocinchophen in addition. 

occurred a moderate tach 3 q)nea. Such febrile reactions were observed 
in 57 per cent of the patients, more commonly following the first dose 
of serum, sometimes in connection with all, occasionally with in¬ 
creasing severity as the course of treatment progressed. Arthritic 
reactions were noted in 53 per cent of the patients in whom arthritis 
was the predominant manifestation. These appeared within twenty- 
four hours of the injection, and consisted either in exacerbations in 
joints already involved, or in spreads to joints previously unaffected. 
Such reactions have been described by Small, who states that they 
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attack particularly the smaller joints; in our experience, however, 
the larger ones have been affected about as frequently as the others. 
Usually there has been subsidence within twenty-four hours, though 
in Cases 14 and 18 the condition became progressively worse. In 
Cases 5 and 11 severe toxemia with delirium followed the use of 
S.C.A. serum. Less common manifestations have included the ap¬ 
pearance of a new murmur, numerous ectopic beats, an increase in 
pulmonary moisture (r^les), and chill, vomiting and other phenomena 
of protein shock. Dosage of serum, whether large or small, has seemed 


TABLE V 

Reactions: Tabulated According to Sera* 



S.C.A. 

serum. 

VllOA 

scrum. 

Scarlatinal 

antitoxin. 

Totals. 

Total doses . 

31 

16 

11 

58 


Temperature. 


5 

2 

24 

Pulse. 


4 1 

2 

23 

Respiration. 



2 

7 

Cyanosis. 

1 

1 2 1 

0 

3 

Delirium. 

2 


0 

2 

Arthritis. 

5 

1 6 1 

4 

IS 

Shock and chill.. 

1 


0 

1 

Ectopic beats. 

2 

0 

0 

2 

Restlessness. 

0 

1 

0 

1 

Dyspnea. 

0 

1 

1 

2 

Vomiting. 

0 

0 

1 

1 

Pulmonary signs... 

2 

0 

1 

3 

Gallop accentuated. 

1 

0 

0 

1 

New murmur. 

I 

0 

0 

1 




* Does not include Cases Nos. 12, 22 or 23. 


immaterial; in fact, one of the most alarming reactions occurred 
three hours after an initial injection of 15 cc. of S.C.A bovine (Case 
11), while in another case delirium of three days^ duration set in fol¬ 
lowing the use of 3 cc. of S.C.A. concentrated equine (Case 5). In 
the latter instance a full course of 10 cc. was given over a period of 
three days, and large doses of neocinchophen were administered; in 
addition to the delirium, severe febrile and pulse reactions occurred 
after each injection of serum, and numerous ectopic beats were ob¬ 
served. A dry pericardial rub of forty-eight hours^ duration was 
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noted in Case 10, though it did not appear until three days after the 
last dose, and consequently cannot fairly be attributed to the serum. 
Tables V and VI summarize these by-effects. Reactions occurring 
in “serum desensitized’’ patients have not been included, as the 
effect of the factor of serum allergy could not be controlled. As 
warning against serum treatment of such sensitive individuals may 
be cited, however, a severe asthmatic attack with deep cyanosis in 


TABLE VI 

Reactions: Listed According to Principle Condition* 



Chorea. 

Arthritis. 

Pericar¬ 

ditis. 

Carditis. 

Totals. 

Number of patients . 

1 

15 

3 

4 

23 

Temperature. 

1 

8 

2 

2 

13 

Pulse. 

1 

8 

2 

1 

12 

Respiration. 

0 

3 

1 

0 

4 

Cyanosis. 

0 

1 

1 

1 

3 

Delirium and toxemia. 

0 

1 

1 

0 

2 

Arthritis. 

0 

8 

1 

0 

9 

Shock and chill. 

0 

0 

0 

1 

1 

Ectopic beats. 

0 

1 

0 

0 

1 

Restlessness. 

0 

0 

0 

1 

1 

Dyspnea. 

0 

1 

0 

0 

1 

Vomiting. 

0 

0 

0 

1 

1 

Pulmonary signs. 

0 

3 

0 

0 

3 

Gallop accentuated. 

1 

1 

0 

0 

1 

New murmur. 

0 

1 

0 

0 

1 

Patients without reaction—under drug. 



1 


1 

Patients without reaction—not under drug... 


2 


1 

3 


* Does not include Cases Nos. 12, 22 or 23. 


one patient (Case 23), while in another instance severe carditis, with 
pericarditis and effusion, developed immediately (Case 22). 

The occurrence of reactions seems to bear no relationship to sub¬ 
sequent improvement or to its permanency. 

The danger of such reactions may perhaps be decreased by the 
simultaneous use of salicylates, which, however, as pointed out above, 
scientific precision usually forbade during this study. In the few 
instances cited, in which the condition of the patients seemed to pro¬ 
hibit delay, these drugs have rarely proven efficacious in warding 
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off the reactions, and on one occasion truly alarining symptoms 
developed (Case 5). 

Discussion. Generalizations based on a comparison of the three 
sera used in this study are hardly justifiable in so small a series of 
cases. The three different sera were made in as many different 
laboratories by different methods of immunization, and it is not 
improbable that had 3 horses or cows been immunized with the same 
strain of streptococcus by different methods similarly varying results 
would have been obtained. Hence it is probably better to disregard 
the effects from any particular serum and discuss them all together. 
It is, however, noteworthy that comparable symptoms, both favorable 
and unfavorable, were observed following all three types of serum; and 
it is not without interest that similar effects were observed over twenty- 
five years ago by Menzer,® Schmidt* and Sinnhuber,^ when a poly¬ 
valent antistreptococcus serum prepared by the former was employed. 
All of these observations lead to the conclusion that any beneficial 
therapeutic effect observed must be dependent upon some other fac¬ 
tor than a specific antitoxin against a hypothetical toxin elaborated 
by one strain of streptococcus. 

Indeed, Menzer,^ although for years an active proponent of a 
specific antitoxic action of serum, later attributed the beneficial 
effect to nonspecific protein therapy (‘‘Reiztherapie”), and hence 
gave up the use of serum in favor of streptococcus vaccines. His 
abandonment of serum would appear one of the strongest arguments 
against its use. But the enthusiastic reports of Baruffaldi,® and 
the observations of Toogood® and Barach^* with antiscarlatinal serum, 
together with SmalFs claims, made necessary a further study, with 
the results as above recorded. 

From a theoretic viewpoint it may be asked; were any effects, 
either beneficial or otherwise, constantly attendant upon the appli¬ 
cation of these sera, which might be ascribed to their antistreptococcus 
qualities rather than to their actions as foreign proteins? In the 
absence of a control group treated simply with normal horse or cow 
serum a satisfactory answer to this question cannot be given. 

SmalP^ bases part of his hypothesis of the pathogenesis of rheumatic 
fever upon focal reactions in the small joints, together with general 
reactions following serum treatment. He attributed these reactions, 
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which he designates as exudative, to a union of streptococcus anti¬ 
protein, contained in all antistreptococcus serum, with streptococcus 
protein, which he thinks is present in the tissues. Similar focal 
reactions have been reported following tuberculin treatment^^ and 
other forms of nonspecific protein therapy; hence this hypothesis 
demands further testing. 

From another theoretic viewpoint one would not expect marked 
specific beneficial action to follow antistreptococcus serum therapy 
in rheumatic fever, for it is not of the general type of disease which 
responds favorably to serum. Usually rheumatic fever is not an 
acute disease like diphtheria, tetanus, or scarlet fever, but a sub¬ 
acute or chronic infection resembling tuberculosis or syphilis in many 
of its features.^® 

If a hypothetic toxin or some peculiar bacterial fraction or autol¬ 
ysate is responsible for the various manifestations of the disease, 
these substances are elaborated in varying amounts and intensity 
over long periods; hence it is improbable that a scrum effect, which 
at best can be of only short duration, would be ultimately successful. 
Indeed, Small early recognized this possibility and recommended, in 
addition, a form of active immunization by repeated subcutaneous 
injections of an extract of Streptococcus Cardioarthritidis. He has 
reported better results with the use of this combined method than 
with, the serum alone. 

But in spite of these theoretic objections, if consistent improve¬ 
ment followed the application of antistreptococcus serum, one 
would be compelled to modify his theory, and utilize the serum. 
Our observations, together with those of Hill^® and Wilson,^® how¬ 
ever, lead to the conclusion that antistreptococcus serum has no 
permanent antirheumatic influence, and that acute antipyretic, anti- 
arthritic and antitoxic effects can be more certainly obtained from 
salicylates or neocinchophen. Whether the favorable effects which 
followed a combination of these drugs with serum in a few cases of 
pericarditis were anything more than fortuitous is open to discus¬ 
sion. 

Of this one can be certain: that antistreptococcus serum in no way 
replaced the long-established therapy of rheumatic fever, nor does it 
apparently add enough to warrant its universal adoption. In our 
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experience the unpleasant reactions sometimes attendant upon its 
application have not been outbalanced by a reciprocal certainty of 
therapeutic benefit. 

Case Reports. Case 2.—G. IL, male aged seven and a half years, ad¬ 
mitted March 5, 1928, to the service of Dr. Rivers because of chicken pox devel¬ 
oping during the course of rheumatic carditis present at least since November, 1927. 
March 9, following the subsidence of the varicella, a further rheumatic cycle ap¬ 
peared. By March 14 there were present: temperature 104°, pulse 130, respira¬ 
tions 50, gallop rhythm, mitral and aortic regurgitation, positive Broadbent sign, 
severe precordial pain and hyperesthesia, hepatic enlargement with severe right 
upper quadrant pain. On this day S.C.A. concentrated equine serum was given 
intramuscularly in 3 doses of 10, 8 and 10 cc. respectively, between 12 noon and 
9 p.M. No immediate reaction occurred. March 15 no evidence of improvement; 
similar serum was given, 15 cc. at 10 a.m., and 10 cc. at 6 p.m. During this day 
the temperature declined to 101.2° and the respiration to 40; no change in pulse 
rate. During the next three days no improvement; but dullness, bronchial breath¬ 
ing and bronchophony appeared at the angle of the left scapula, and there was 
cough with mucoid sputum. Neocinchophen therapy was instituted, and re¬ 
sulted in temporary improvement in the cardiac and pulmonary conditions. 

Case 4. —S. E., male, aged six years, admitted February 15,1929, on the third 
day of his second attack of rheumatic fever; temperature, 102.4°; pulse, 130; 
respirations, 24; moderately severe polyarthritis, tonsillar infection, enlargement 
of heart to left, mitral systolic murmur heard throughout left axilla and left back, 
accentuated and split P 2 , white blood cells 22,000. Under expectant therapy, 
temperature and pulse remained elevated; February 18,spreading of arthritis and a 
questionable gallop; 2,5 cc. of S.C.A. concentrated equine serum was given intra¬ 
muscularly at 2 P.M. At this time temperature was 104.4°, pulse 130, and these 
levels were maintained throughout the day. February 19 A.M. the arthritis was 
much more severe; no new joints involved; there was a loud gallop; 2.5 cc. of the 
same serum was given at 11 a.m. Five hours later the temperature had risen from 
103,4° to 104.4° and the pulse from 106 to 128. These levels were maintained 
throughout the day. The respirations rose to 60. February 20 a.m. the tempera¬ 
ture was 102.4°, pulse 110, respirations 36, but during the day rose to 104°, 130 
and 62, respectively. Arthritis considerably improved. February 21, fever much 
the same, though the pulse failed to pass 110° or the respirations 42; the gallop 
persisted; the patient was free from arthritis, but after a further two days this re¬ 
appeared and the following morning (February 24) was so severe that neocinchophen, 
administration was begun. At no time during this interval did the temperature 
fall below 102°, and the pulse constantly ranged from 104 to 120 with the gallop 
unchanged. At the time of the arthritic relapse the pulse rate increased rapidly, 
the area of cardiac dullness increased, the murmur became harsh and grating 
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and the cardiac action became quite tumultuous. The respiratory rate rose to 70, 
with grunting expiration, and fine rales were heard in the left chest posteriorly. 
There were no signs of consolidation either by direct examination or by Roentgen 
ray. The carditis and pneumonitis were at their height February 28, nine days 
after the completion of the serum course. Four days later a small crop of sub- 
cutaneous nodules appeared. The carditis ran a moderately severe course with 
subsequent marked improvement. 

Case 7.—R. M., male, aged eighteen years, admitted January 2, 1929, on the 
thirteenth day of his first attack of rheumatic fever; temperature, 105°; pulse, 120; 
respirations, 36; cyanosis, severe toxemia, mild polyarthritis, small adherent ton¬ 
sils, precordial hyperalgesia, cardiac enlargement, heart sounds muffled at the apex 
and over the precordium, loud pericardial friction rub, dullness in lower left axilla, 
also over the left lower lobe posteriorly merging into flatness at the base, with de¬ 
creased tactile fremitus, bronchovesicular breathing and numerous moist and fine 
r^les, merging into suppression at the left base, Grocco triangle to the right; 
roentgenograms indicative of pericardial and pleural effusions. Because of the criti¬ 
cal condition neocinchophen was administered; this resulted in a moderate but 
very fleeting improvement; by January 11 the condition was very serious, and be¬ 
cause of intolerance it had become necessary to reduce greatly the dosage of drug. 
At 2.45 p.M. of this day 5 cc. of S.C.A. concentrated equine serum was given intra¬ 
muscularly. No reaction occurred. At 2 p.m. temperature was 102.8°, pulse 
120; these levels were maintained until 8 p.m., after which a steady decline ensued. 
January 12 noon, temperature was 99.8°, pulse 104. No subjective or objective 
improvement was app<arent. At 10,45 a.m. 5 cc. of serum was given. By 4 p.m. 
temperature had reached 103.4°; at 8 p.m. the pulse was 128. Shortly thereafter 
a decline in both occurred similar to that of the day before. January 13, distinct 
exacerbation of the polyarthritis; otherwise the general condition was the same, 
except that the steady loss of weight was checked. Thereafter steady improve¬ 
ment occurred, which by January 18 seemed complete, except for persisting leuko¬ 
cytosis and a small pleural effusion. The latter disappeared following a sharp 
febrile episode between January 28 and February 1. Drug withdrawal a few days 
later was followed by uneventful recovery. 

Case 9.—C. K., male, aged thirty years, admitted May 9,1929, on the fortieth 
day of the first attack of rheumatic fever; temperature 104°, toxemia, moderately 
severe polyarthritis, tonsillar infection, short systolic murmur along the left 
sternal border, palpable spleen. During five days control period fever continued, 
arthritis spread rapidly, the heart sounds became progressively softer and more 
distant, and there was steady loss of weight. On May 14, fever slightly lower 
but arthritis again spreading; 15 cc. of S.C.A. unconcentrated bovine serum 
was given intramuscularly at 2 p.m. No detectable reaction; the maximum 
temperature, 102.4° at 6 p.m., was only 0.6° higher than at 2 p.m., May 15, 
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temperature had dropped to 100.2°, the arthritis was much improved and the 
heart sounds were clearer and louder. At noon 15 cc. of serum was given. At 
8 p.M. a sharp rise in temperature to 101.8° occurred, thereafter an equally sharp 
decline. May 16, the arthritis had largely disappeared, heart sounds quiet and 
strong, murmur faint, temperature 100.2°. At 2.10 p.m. 20 cc. of serum was given. 
At 8 P.M. the temperature rose sharply to 101°, then quickly fell. May 17, arthritis 
in the right arm worse, and by evening the temperature was 101°. On May 19 the 
temperature once more began to rise and arthritis reappeared; by May 24 the pa¬ 
tient was helpless, toxic, rapidly losing weight, with fever above 103°. Neocin- 
chophen promptly controlled the fever and arthritis, and on its discontinuance on 
June 3 only a moderate shoulder stifincss persisted. 

Case 10.— F. P., male, aged thirty-three years, admitted December 5, 1928, on 
the fourteenth day of the first attack of rheumatic fever; temperature 103.4°, pulse 
104, severe and widespread polyarthritis, ragged tonsils, reddened anterior pillars, 
palpable tonsillar nodes, soft systolic murmur at apex; leukocytes 27,000. During 
forty-eight hours of expectant treatment he became steadily worse, temperature 
hovering at 104° and pulse at 120; P-R interval 0.21. December 7, precordial 
tenderness and gallop rhythm. At 2 p.m. he was given intramuscularly 20 cc. of 
S.C.A. unconcentrated bovine serum without demonstrable reaction. A steady 
decline in fever occurred reaching 101.6*“ at 10 a.m. the following day. Pulse rate 
and arthritis unaffected, precordial tenderness still present, gallop rhythm less 
definite; P-R interval 0.20. December 8 at 12.15 p.m. he was given 20 cc. of the 
same serum without demonstrable effect. December 9 fever ranged between 
101.4° and 102,4°, pulse 105 to 115, arthritis slightly improved, gallop doubtful, 
patient less toxic. December 10, however, definite improvement appeared, and 
by December 16 the temperature was normal, only arthritic symptoms were tender 
spots about the larger joints; P-R interval 0.18, white blood cells 10,640. Pre¬ 
cordial tenderness and gallop had disappeared. The periarticular tenderness 
persisted until after tonsillectomy; otherwise the patient’s course was satisfactory. 
On December 11 and 12 there was a recurrence of precordial tenderness and a dry- 
friction rub was heard at the left sternal border at the level of the second and third 
interspaces. 

Case 11.—M. F., male, aged twenty-two years, admitted June 3,1929, during 
the twelfth week of the first attack of rheumatic fever; temperature 100.2°, pulse 
120, mild polyarthritis, chronic tonsillar infection, systolic precordial heave, 
systolic impulse and thrill in second left interspace, cardiac enlargement, pre¬ 
cordial pain and tenderness, widely transmitted apical systolic murmur, short 
mid-diastolic puff medial to apex, systolic murmur at base heard in neck vessels. 
P 2 accentuated and split, systolic and diastolic crunching sounds at level of second 
interspace, scattered subcutaneous nodules. White blood cells 9,800. During 
following week he became steadily worse. June 10, pulse 152, widespread ery- 
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thema multiforme, mushy and muffled first sound, pericardial friction rub, increase 
in the size of the heart, bronchovesicular breathing and bronchophony at the angle 
of the left scapula, white blood cell 18,800; increased weight associated with fluid 
retention. Because of severity of symptoms neocinchophen was started in full 
doses without inducing antipyresis or amelioration of symptoms in forty-eight 
hours. June 12, 15 cc. of S.C.A. bovine unconcentrated serum intramuscularly 
at 11.30 A.M. At 8 A.M. of this day the temperature had been 101.4°, pulse 136; 
at noon, temperature 102°, pulse 148; at 2 p.m., temperature 103°, pulse 152. By 
this time the patient was delirious, restless and required restraining; head retracted 
and head and eyes turned constantly to the right, violent muscular tremors, heart 
sounds soft and distant, pulse of poor quality, cyanosis of the extremities. No 
signs of congestive failure. During the day 0.7 gm. digitan was given, and the 
dosage of neocinchophen was reduced. By evening temperature and pulse were 
falling sharply and delirium had vanished. June 13 condition improved, diminu¬ 
tion in cardiac size, no precordial pain and little tenderness, no signs of compression 
of the left lower lobe, sticky rdles at both bases; 7.5 cc. of serum was given at 10.30 
A.M., and at 3.30 p.m. At 10 a.m. temperature was 100.5°, pulse 132; maximum 
temperature at 2 p.m., 101.8; pulse 136; no untoward reaction. During the night 
there was a sharp drop in temperature and pulse, which on the following day failed 
to pass 100.8° and 110 respectively. June 14, 10 cc. of serum was given at 11.20 
A.M. and at 3.30 p.m. without demonstrable reaction. Steady and rapid improve¬ 
ment continued. Drug withdrawal on June 16 was uneventful, and the further 
course was entirely satisfactory. 

Case 17.—-A. P., female, aged eight years, admitted January 10, 1929, on the 
seventh day of her second attack of rheumatic fever; temperature, 105°; pulse, 
140; respirations, 44; marked orthopnea, acute polyarthritis, scarred remnants of 
tonsillar tissue, anterior pillars injected, tonsillar nodes enlarged and tender, 
diffuse precordial pulsations, cardiac enlargement, loud pericardial friction rub with 
synchronous thrill, gallop rhythm; over the left lower lol)e dullness with bronchial 
breathing and bronchophony merging into suppression at the base, diminished 
breath sounds at the right base, white blood cells 33,600; roentgenogram suggests 
pericardial effusion. Under neocinchophen therapy steady improvement occurred 
for a week, with disappearance of arthritis, lowering of temperature, pulse rate 
and leukocyte count, and retrogression of pulmonary and precordial signs. Com¬ 
plete recovery was not achieved, however, and on January 21 an obvious relapse 
was under way in spite of drug administration. On this day 10 cc. of VllOA un¬ 
concentrated bovine serum was given intramuscularly at 3 p.m. without immediate 
reaction. The temperature peak for the day was 102.8° at 4 p.m. followed by a 
steady decline; pulse little affected. January 22, patient appeared rather better; 
10 cc. of the same serum was given at 2.40 p.m. No demonstrable reaction occurred. 
The temperature peak for this day was 100.5°; pulse ranged between 120 and 140. 
Except for a rise in temperature to 102.8° on the evening of the twenty-third the 
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course during the ensuing two weeks was one of steady improvement, with dis¬ 
appearance of all signs of pericarditis and pulmonary involvement, decline in 
tachycardia, decreasing leukocytosis, diminution in cardiac area, and normal or 
only very slightly elevated temperature. Drug withdrawal at the end of this 
period was uneventful. The patient entered then upon a prolonged subfebrile 
course, free from acute episodes. 

Case 19—W. F., male, aged forty-one years, admitted February 20,1929, on the 
twenty-fourth day of the first attack of rheumatic fever; temperature 100.6°, pulse 
90, severe polyarthritis, congested fauces and pharynx, short systolic murmur 
at the base to left and right of the sternum, soft, diastolic murmur in 2d, 3d and 
4th left interspaces; blood pressure 115 systolic, 40 diastolic; white blood cells, 
17,400. During the next forty-eight hours the temperature rose to 103.8° and 
there was spreading arthritis. February 22 at 11.30 a.m. he was given intra¬ 
muscularly 20 cc. of VllOA unconcentrated bovine serum without demonstrable 
effect on fever or pulse. February 23 at 8 a.m. temperature was 101.8°, pulse 88; 
the arthritis had ceased to spread but was more severe in the right hand; 20 cc. of 
serum at 11.30 a.m. During the day the temperature rose to 103.8°, the pulse to 
100. February 24, the temperature was 100.8°, pulse 90. Most of the previously 
involved joints were improved; on the other hand, a few were worse and there was 
reinvolvement of joints which had been free for some time. During the day the 
temperature rose rapidly to 103.6°, to fall sharply during the night. February 25, 
there was considerable improvement, except for the newly involved joints of the 
day before, in which the process was at its height; February 26, these in turn had 
begun to yield and general improvement was quite marked. The temperature never 
became normal, however, and during the period February 27 to March 2 the febrile 
course was renewed; widespread and severe polyarthritis developed, and rapid 
loss of weight occurred. Neocinchophen therapy was instituted upon the latter 
day and a very prompt and gratifying improvement ensued. Except for a mild 
relapse attendant upon premature withdrawal of drug, the remainder of the pa- 
tient^s course was uneventful. 

Case 25.—N. S., male, aged forty-three years, admitted April 8, 1929, on the 
sixteenth day of his fifth attack of rheumatic fever; temperature 102.8°, pulse 92, 
moderately severe polyarthritis, chronic tonsillar infection, systolic murmur at 
apex poorly transmitted outward, systolic murmur in second left interspace, 
radial arteries slightly thickened, blood pressure 152 systolic, 85 diastolic. During 
a control period of ten days the disease was irregularly continuous, temperature 
100.6° to 103.6°, pulse 90 to 100, arthritis never absent and at times very severe, 
steady loss of weight and strength. April 19, 3 cc. of concentrated scarlatinal 
antitoxin was given intramuscularly at 4.15 p.m. without immediate reaction. 
At 4 P.M. temperature was 101.6°; at 6 p.m., 102°; it declined steadily during 
the night. Similar declines had occurred nightly during the control period, so 
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that the a.m. temperature of 100° was no lower than usual. The pulse hov¬ 
ered around 110°, about 6 points higher than usual. The morning of April 20 
there was a severe exacerbation of the arthritis, with spreading to the hips and 
knees. At 10.45 a.m. 3 cc. of antitoxin was given. There was no reaction, and 
during the day the temperature failed to surpass 101°. April 21, arthritis con¬ 
siderably improved, and fever did not exceed 100.6°. The weight loss was 
checked. April 22, the relief was more pronounced; 4 cc. of the antitoxin was 
given at 2.30 p.m. without reaction; temperature not above 100°; pulse range 
110 to 120. Improvement continued for three days; there was then a five-day 
cycle of serum sickness with small-joint arthritis and urticaria. Following the 
spontaneous subsidence of this episode the further course was entirely satisfactory. 
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PSITTACOSIS 
Report of a Case 

By T. M. rivers, M.D., BERNARD BENJAMIN, M.D., and G. V. BERRY, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

Within the period of a year approximately 500 cases of psittacosis 
have been recoidcd.^ The clinical picture of the disease has been 
recognized for at least fifty years,^ and many of the recent cases 
have been carefully described. Furthermore, the literature has been 
excellently reviewed by a number of workers.* The reasons for re¬ 
porting the present case are the facts that (1) daily blood counts were 
made by means of the supravital method of staining; (2) the changes 
in the lungs were followed by daily roentgen examinations; (vl) electro¬ 
cardiographic studies were made, and (4) a positive laboratory diag¬ 
nosis was obtained through the use of white mice. 

Work on psittacosis was begun in our laboratory February 26, and 
has continued for four months, A large number of parrots, mice, 
guinea-pigs, rabbits and monkeys have been inoculated with the virus, 
and the course of the infection in these animals has been under in¬ 
vestigation. All of this work even the housing of the infected ani¬ 
mals has been conducted in the center of a large research institution. 
In fact, our laboratory is the most centrally located one in the institute, 
as it is near the business manager’s offices, the library, the dining rooms, 
the central medium room and the girls’ rest rooms. In spite of the 
infectious nature of psittacosis, we have been able to prevent the oc¬ 
currence of any cases among the workers and employees. Regard¬ 
less of the care taken to prevent a spread of the infection, however, 
one of the physicians (G. P. B.) who came in very close contact with 

1. Roubakinc, A.: Monthly Epidemiological Report of League of Nations 
9: 141, 1930. 

2. Ritter, J.: Deutsches Arch. f. klin. Med. 25: 53, 1880. 

3. Roubakine (footnote 1). Hutchison, Robert; Rowlands, R. A., and 
Simpson, S. L.: Brit. M. J. 1: 633 (April 5) 1930. 
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the animals and infectious materials contracted psittacosis five weeks 
after the inception of our studies. The mode and time of infection 
are not known. 

Report of Case 

History—0, P. B., aged 31, gave a family history and past history that are 
unimportant. The onset of the present illness was acute, beginning about 5:30 
p.m., March 31, with headache, backache and general muscular pains. The symp¬ 
toms increased during the evening. Sleep was broken by a slight chill at 5 a.m., 
April 1. The headache was general at first but soon became basilar, and severe 
pains radiated down the spine to the lumbar region. Photophobia, burning behind 
the eyeballs, anorexia and nausea appeared, April 1. In spite of feeling very sick, 
the patient said nothing of his condition and worked until 4 p.m., when he had two 
shaking chills, after which his temperature rose to 102 F. At this time he reported 
his condition and was admitted to the hospital. On admission his temperature 
was 101.2 F., pulse 90, respiration 22, white blood cells 13,200. Physical ex¬ 
amination revealed nothing more than suffusion of the eyeballs, injection of the 
mucous membranes of the throat, and a heavily coated tongue. 

Course in the Hospital ,—The temperature, pulse and respirations are shown in 
the accompanying chart. The temperature was taken by mouth. 

April 2, the patient had a restless night because of the headache and backache, 
which were not relieved by the administration of ordinary analgesics and morphine. 
The eyes were still red, the throat was injected and the tongue was white. An 
examination of the chest and the abdomen was negative. A roentgenogram of the 
chest, however, revealed a small shadow on the left side just below the level of the 
base of the heart (fig. \ A), 

April 3, the headache and backache were still pronounced; the tongue was coated 
and the breath foul. The lungs showed dimmution of tactile fremitus and breath 
sounds on the left side laterally and posteriorly. A roentgenogram revealed a 
definite shadow on the left side involving the middle and lower third of the lung. 
The shadow was not dense but was more marked and extensive than that of April 2. 
The abdomen was tender and distended. 

April 4, on percussion there was dulness in the left axilla and over the lower 
posterior part of chest. Over these areas, diminution of tactile fremitus and breath 
sounds was found. The character of the breath sounds was not altered, but 
posteriorly showers of fine rales were heard on deep breathing. 

April 5, the headache was less severe. Distention of the abdomen was still 
marked. There was no pain in the lungs, but the patient had a slight, unpro¬ 
ductive cough. Respirations were not rapid. Tactile fremitus was almost absent 
over the left side of the chest anteriorly. Beneath the angle of the left scapula 
there was an area the size of one’s hand over which dulness was marked, and distant 
tubular breathing accompanied by fine rMes was heard. Tactile fremitus and 
voice sounds, however, were not increased. The roentgenogram showed the shadow 
on the lung denser and more extensive than on the day before (fig. 1 B). 
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April 7, headache was still present, and the tongue was white. There was no 
stomatitis. The slight, unproductive cough persisted. There was no change in 
the signs in the lungs. The abdomen was still distended and tender, and the 
liver somewhat enlarged and tender. 'I'he spleen was not palpable. 

April 8, one mass of grayish yellow tenacious sputum was brought up. No 
change in the condition of the lungs was noted. 

April 10, a drenching sweat occurred during the night, as it had for the past 
three nights. The patient raised one mass of yellow, blood-tinged tenacious spu- 



ViG. 1. A, small shadow at left hilus near base of heart; B, extensive in¬ 
volvement of left lung; C\ beginning clearing of lung, from periphery inward to¬ 
ward hilus; D, resolution has been extremely raiiid; note only the residual hilar 

shadow. 

turn. 'J’hc signs in the chest were less marked. A roentgenogram showed the 

shadow on the lung to be clearing (tig. I C). 

April 12, the general condition of the patient was improved, but abdominal dis¬ 
tention was still annoying. On examination, the signs in the lungs were found to 
be disappearing rapidly. A roentgenogram showed a shadow similar to that 
seen on April 2. This shadow persisted for several weeks and then gradually 

disappeared (lig. I ^ i 

Convalescence. 15, the temperature for the first time did not go above 
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normal. Convalescence was very slow\ A marked wasting of the muscles, par¬ 
ticularly those of the legs, induced an abnormal gait that endured for nearly a 
month. 

Laboratory Observations .—Roentgenographic E.xaminations: Dr. Ross Colden 
of the Presbyterian Hospital, who kindly examined the roentgenograms of the 
lungs, reported that the films showed an interesting development and regression 
of a pneumonic process about the left hilus. 'I'he development was steady from 
April 2 until April 5. The film on April 6 showed an apparent diminution in the 
shadow. This might have been due in part to the fact that this film was somewhat 
denser than that taken on the previous day, as there was no evidence of diminution 
in the shadow on the 7th. The film taken on the 10th, however, showed a striking 
regression of the pneumonic process. This regression continued until April 25, 
w^hen the last film was taken. At this time, there remained only an enlarged hilus 
shadow with infiltration around some of the bronchi radiating out to the left 
lateral chest w’all. These films do not present the picture of an ordinary broncho¬ 
pneumonia, which is more likely to be located along the descending bronchi or 
toward the apex. It is the picture usually encountered in inlluenzal pneumonia. 
There was a hazy indefinite shadow through which could be seen the somewrhat 
exaggerated lung markings. The process obviously developed from the hilus 
outward and regressed from the periphery inward. Dr. Golden stated that if 
these films had been presented to him without a history, he would have interpreted 
them as a bronchopneumonia of the influenzal type. He did not know of any 
reason, however, why such a process should not be encountered also in psittacosis. 

Blood: Blood counts were made throughout the course of the illness and for 
more than two weeks during convalescence. Diflerential counts were made on 
preparations supravitally stained with neutral red and janus green according to 
the method of Sabin.The results are summarized in the accompanying table. 
The first count, made twenty-four hours after the onset of the illness, showed a 
moderate leukocytosis. Following this, the cells decreased in number and by the 
end of the first week had reached their lowest level (6,000). On the ninth day of 
the disease the count rose sharply and thereafter maintained a level of about 8,000 
to 9,000. The polymorphonuclear neutrophils showed a striking ‘‘shift to the 
left,” i.e., a number of young forms, beginning on the fourth day of the disease. 
The maximum change was reached on the ninth day, when the absolute number of 
polymorphonuclear cells was at its lowest level. At this time there were 31 per 
cent of band forms and I per cent of myelocytes. Eosinophils were entirely ab¬ 
sent during the first few days of the illness, as is the case in many acute infections. 
Lymphocytes remained low throughout. On the fourth day they constituted only 
5 per cent of a total count of 9,000. The number of these cells rose sharply for the 
first time two days after the temperature became normal. Such a moderate lym¬ 
phocytosis, coincident with recovery, has been noted in other acute infections. 


4. Sabin, F. R.: Bull. Johns Hopkins Hosp. 34: 277 (Sept.) 1923. 
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The monocytes showed nothing of great importance. The supravital technic, 
which makes it possible to identify these cells with certainty, accounts for the 
high numbers of monocytes that were constantly present. It may be noted that 
at no time were the monocytes “stimulated’’ or changed in appearance, as is the 
case in tuberculosis. Toward the end of the febrile period, however, a slight mono¬ 
cytosis occurred. The blood picture showed only changes that one might expect 
in a number of acute infectious diseases that tend to produce a mild leukopenia. 

Urine: A moderate amount of albumin was present in the urine at the height of 
the illness. There was distinctly more than one might expect from fever alone. 
In other respects the urine showed nothing of importance. 

Blood Pressure: The lowest level was reached, April 13, when it was 98 systolic 
and 68 diastolic. By April 22 it had returned to 118 systolic and 68 diastolic. 

Electrocardiograms: During the course of the disease, electrocardiographic 
examinations were made, but in spite of the relatively slow pulse nothing par¬ 
ticularly abnormal was noted. 

Blood Culture: Blood drawn April 2 was tested for its sterility in flasks of meat 
infusion broth and also by the plate method. All of the preparations remained 
sterile for ten days. 

Stool Culture: A culture was made on Endo’s medium from a stool passed on 
April 10. No non-lactose fermenting bacilli were found. 

RESULTS OF ANIMAL INOCULATIONS 

Five cubic centimeters of blood, drawn April 2, was injected intramuscularly 
into an Amazon parrot. Blood was also placed in the bird’s drinking water and 
on its food. The parrot remained well and when reinoculated with psittacosis 
virus six weeks later was found to be susceptible. 

Blood drawn April 2 was injected in 0.5 cc. amounts intraperitoneally in each of 
four mice. They remained well for six weeks, after which time they were dis¬ 
carded. 

Nasal washings were collected from the patient, April 2. A portion of this ma¬ 
terial was dropped into the nose and mouth of an Amazon parrot. The remainder, 
10 cc., of the washings was placed in the bird’s drinking water. The parrot was 
not sick at any time, and six weeks later on reinoculation with psittacosis virus 
was found to be susceptible. 

April 10, the patient raised a mass of yellow blood-tinged tenacious sputum.. 
This was washed several times in sterile Locke’s solution and then emulsified in 
Locke’s solution. A culture was made on blood agar of a drop of the emulsion, 
and the predominating organism was found to be Streptococcus viridans. One 
cubic centimeter of the sputum emulsion was injected intraperitoneally in each of 
five mice. One of the mice died during the second night following the inoculation. 
Passage from this animal was not attempted, as postmortem changes were marked. 
Another mouse died fifteen days after inoculation, and from the liver and spleen 
of this animal an emulsion was made which was injected (0.5 cc.) intraperitoneally 
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in each of four mice. These animals became sick and died within seven days. By 
means of liver and spleen emulsions from sick or dead mice the virus has now been 
carried through nine passages. It regularly kills mice within from four to seven 
days. Furthermore, an Amazon parrot inoculated intramuscularly with an 
emulsion of liver and spleen from one of these mice developed a typical attack of 
psittacosis. Cultures of the livers and spleens have revealed no ordinary anaero¬ 
bic or aerobic bacteria. Moreover, in smears made from the liver and spleen are 
found the very minute bodies described by Levinthal,^ Lillie" and Coles.Sec¬ 
tions of the liver show fatty degeneration and areas of focal necrosis. The picture 
of the disease caused by this strain of the virus is identical with that produced by 
two other strains of psittacosis virus being investigated in the laboratory. 


COMMENT 


The picture presented by this case of psittacosis was typical. The 
onset of the illness and the general appearance of the patient reminded 
one of a mild attack of yellow fever in which jaundice and bleeding 
are absent." (Some have likened it to typhoid.) Nevertheless, the 
important observation on physical examination is a consolidation of 
the lungs. 

The chief symptoms were severe and persistent headache, backache, 
and abdominal discomfort caused by distention. The tongue was 
covered by a peculiar heavy white coat that endured for more than 
two weeks. From the chart it is obvious that there was a disproportion 
between the pulse and the temperature. The most striking feature 
of the disease was the fact that, in spite of the marked involvement 
of the left lung, no symptoms referable to the chest occurred. There 
was no increase in rate of respiration, no pain on breathing, very little 
cough, and no expectoration except on two occasions. 

Bedson and his co-workers,» by means of injections of patients 
blood into love birds, have been able to demonstrate the presence of 
psittacosis virus. The injection of 5 cc. of blood from our patient into 
a susceptible parrot, however, yielded a negative result. Of course, 
this does not cast doubt on Bedson’s results. 


S Levinthal, W.: KUn. Wchnschr. 9: 654, 1930. 

6. Lillie R. D.: Pub. Health Rep. 45: 773 (April 11) 1930. 

7 Coles A. C.: Lancet 1: 1011 (May 10) 1930. ,, . 

s! We have recently cared for three patients with yellow fever and have been 

stmek by the similarity,between the two diseases. . i, iis frph 

TseLn. S. P.; Western, G. T., and Simpson. S. L.: Lancet 1: 345 (Feb. 

IS) 1930. 
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Summary of Blood Counts 
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* Plus 1 per cent metamyelocytes, 
t Plus 1 per cent C myelocytes. 
t Plus 2 per cent degenerating cells. 


Krumwiede and his co-workers^° have shown that mice are suscep¬ 
tible to the virus of psittacosis. For the first time, however, we have 

10. Krumwiede, C.; McGrath, M., and Oldenbusch, C.: Science 71: 262, 
1930. 
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been able to demonstrate that these animals can be used for the diag¬ 
nosis of the disease in human beings. This was accomplished by 
injecting washed sputum into their peritoneal cavities. Naturally, 
the presence of virulent pneumococci and hemolytic streptococci will 
interfere with this method. In case these organisms are present, the 
sputum should be emulsified and passed through a Berkcfeld V filter 
before being used. 

The results of our work in connection with the case reported at this 
time serve to emphasize the fact that the etiologic agent of psittacosis 
is neither Nocard’s bacillus nor any other ordinary bacterium. More¬ 
over, it appears that the white mouse may serve as a suitable animal 
for diagnostic purposes. Thus, in many instances, a laboratory diag¬ 
nosis that ordinarily would be unfeasible will become possible. Finally, 
it has been shown that the virus of psittacosis is in the sputum of 
individuals with involvement of the lungs, and this fact should be 
borne in mind by those who care for these patients. 




[Reprinted from The Journal oe the American M, hkai. Association 
1930, V()\. 95, No, R, pp. 579 5R3\ 
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PSITTACOSIS 

Observations Concp:rning the Experimental Disease in 
Parrots, Mice, Rabbits, Ouinea-Pigs and 
Monkeys 

T. M. RIVERS, M.D., G. P. BERRY, M.l)., and C. P. RHOADS, M.D. 

{brom the Hospital and Labor atorhs of The Rockefeller Institute for Medical Research) 

In a previous paper^ the fact that mice, rabbits and guinea-pigs are 
susceptible to psittacosis was reported. No description, however, of 
the pathologic changes observed or of the work on immunity was 
given, nor was any mention made concerning experimental psittacosis 
in monkeys. Furthermore, the portal of entry and exit of the virus 
was not discussed. The occurrence of a laboratory infection^ in one 
of the workers ( G. P. B.) made feasible certain experiments on immu¬ 
nity and also furnished a series of roentgenograms of the lung involve¬ 
ment to be used for comi)arison with those obtained of the experi¬ 
mental disease in monkeys. Therefore, in view of the general interest 
in j)sittacosis, it seems advisable at this time to record bridly the re¬ 
sults of some of our work. 

Xculralizalion of Psillarosis Virus with Convalescent Serinn 

Although serum from recovered individuals has been used in the 
treatment of psittacosis, no one has shown experimentally that such 
serum Ivas curative or prophylactic properties. In fact, the outcome 
of one rei)orted experiment-* was doubtful. The results of our work 
also indicate that it is not a simple matter to demonstrate neutralizing 
properties in convalescent serum. 

1. Rivers, T. At., and Berry, (}. P.: i^roc. Soc. Exp. Biol. & Med. 27: 802, 
1930. 

2. Rivers, T. AI.; Benjamin, Bernard, and Berry, G. it: Psittacobis, this issue, 
p. 577. 

3. Armstrong, Charles; AlcCoy, G. W., and Branham, S. E.: Pub. Health 
Rep. 45: 725 (April 4) 1930. 
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In the first experiments performed to show immune properties in convalescent 
serum, mice were used. Since the results were irregular, rabbits were chosen for 
further work. As previously reported,’ by means of intracerebral inoculations of 
virus, psittacosis can be transmitted indefinitely from rabbit to rabbit Onb a 
few of the infected animals die, but all of them have a very high temporal ' e, n 



Fig. 1. —Monkey J.: .1, two days before inoculation; li, two days aftc- intra¬ 
tracheal inoculation with psittacosis virus, with initial lesions near the hilus; C, 
four days after inoculation, with lesions more extensive; /), six da\’s after inocula¬ 
tion: Involvement of lungs extends to the periphery; heart shadow has definitely 
increased in size. 

104 to 108.5 F. 'J’herefore, the temperature was chosen as an index of neutraliza¬ 
tion. Specimens of serum collected from a normal adult and from the patient 
(G. P. B.) on the second day of the disease were used as controls. Scrum taken 
from the patient thirteen days after his temperature had returned to normal was 
the test material. Properly graded dilutions of the virus were mixed with equal 
amounts of the different serums and incubated for five or six hours at 37 C., 
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after which 0.25 cc. of each mixture was injected intracerebrally into rabbits. 
Daily observations of the temperatures were made for a week. The normal serum 
and the serum from the patient early in the disease did not prevent high tempera¬ 
tures (105-107 F.) in the animals, while some of the animals that received a mixture 
of virus and convalescent serum failed to show a temperature above 104 F. 

Reinoculation Experiments 

It has been presumed that animals which have recovered from psitta¬ 
cosis are immune to reinfection. Little experimental proof, however, 
has been adduced to substantiate such a presumption. We have been 
able to demonstrate that an infection with the virus does lead to im¬ 
munity in recovered parrots and rabbits. 

A number of mice recovered from an infection with psittacosis virus. When 
they were reinoculated, many of them died. Although they survived longer than 
did the controls, the results of the 'experiment were not very striking. Three 
parrots recovered from an experimental infection. When these animals were 
reinoculated intranasally with a potent virus that promptly killed the control 
bird, they showed no evidence of infection. Furthermore, a large number of 
rabbits intracerebrally inoculated with virus or with normal organ emulsions were 
allowed to recover. Then, from three to eight weeks after recovery, they were 
reinoculated with virus. All of the rabbits, with the exception of one, which 
showed evidences of infection (high fever) after the first inoculation, exhibited 
none on reinoculation. The animals that received normal organ emulsions as a 
primary inoculation, however, had high fever when reinoculated later with virus. 

Portal of Entry and Exit of the Virus 

In handling a highly infectious disease, it is desirable to know the 
portal of entry and exit of the virus in various hosts. Since the parrot 
and man are the hosts of particular interest, most of the discussion, 
either directly or indirectly, will be concerning them. Krumwiede* 
and his co-workers performed one experiment in which they were unable 
to demonstrate psittacosis virus in the fecal droppings of a sick parrot. 
Armstrong and his collaborators,® however, were able to infect birds 
with filtered fecal material. The results of our own work reveal that 
the virus is in the feces and also in a mixture of the materials collected 
from the nose, mouth and procrop of a sick parrot. Furthermore, 
parrots are readily infected by dropping the virus in the nose. From 

4. Krumwiede, Charles: Persoaal communication to the authors. 
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our work on monkeys, to be described later, one may conclude that 
the virus enters man by way of the nose or mouth. Moreover, from 
our experience with a human case of psittacosis,^ it is obvious that the 
virus is in the sputum. 

From a number of infected parrots we have collected uncontaminated feces. 
Intranasal instillations of emulsions of this material regularly produced psittacosis 
in susceptible birds. Infected birds that had been killed with chloroform were 
suspended by their feet. Frequently a thick starchy material ran from the mouth 
and nose. Much of this undoubtedly came from the procrop. When this material 
was instilled into the nose of susceptible birds, psittacosis was induced. 

Pathology of Psittacosis in Parrots^ Mice^ Rabbits and Guinea-Pigs 

Since the virus of psittacosis undoubtedly attacks the lungs of man, 
many workers have devoted most of their attention to changes found 
in the lungs of experimental hosts. In dealing with parrots, mice, 
rabbits and guinea-pigs, however, we have been struck by the fact 
that the lungs in these animals are only rarely involved. In parrots 
inoculated intramuscularly or intranasally, and in mice infected intra- 
peritoneally, the most constant and characteristic changes are found 
in the liver and the spleen. 

Parrot LtW.—Gross Pathologic Changes: The liver is usually larger than 
normal with rounded edges, and has a yellowish tint indicating fatty degeneration. 
Frequently its surface is studded with white dots of varying sizes some of which 
are, sunounded by red areolae. At times large areas of the liver are yellow and 
are encircled by hemonhagic zones. Such lesions aSect the edges of the organ and 
suggest infarcts. 

Microscopic Changes; The characteristic lesion of psittacosis in parrots con¬ 
sists of multiple, discrete areas of liver cell necrosis, distributed irregularly 
throughout the lobules but with a tendency to be more numerous near the edge of 
the organ. The condition appears to have its onset in the death of isolated liver 
cells or groups of cells; the cytoplasm becomes acidophilic and granular, and 
shrinks from contact with other cells. The nuclei become hyperchromatic and 
pyknotic, and eventually disappear completely. At this stage, mononuclear 
phagocytes and a few polymorphonuclear cells surround and infiltrate the lesion. 
As the process progresses, the necrotic liver cells disappear, leaving strands of 
acidophilic, hyaline material which may or may not show collections of leukocytes 
and depositions of fibrin. Often the areas of necrosis are so large that one is led 
to question whether they are the result of vascular thromboses. Striking altera¬ 
tions in the vascular channels are not usually seen, but in certain cases fibrin 
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thrombi, involving the portal vessels, are found. In most cases onh' small vessels 
are occluded, but occasionally a large branch is involved. The question as to 
whether the areas of necrosis result from vascular thromljoses or whether the 
thromboses are caused by the necrosis cannot be answered at present. When 
necrotic areas penetrate to the surface of the liver, accumulations of inllammatory 



Tig. 2.—Section through a lobe of a monkc\'’s lungs intralracheally infected 
with psittacosis virus: 'J'he peripheral portion of the lobe in places is still air- 
containing; the reaction is most intense aiound the bronchi and blood vessels; 
eosin and methylene blue; slightly reduced from a photomicrograph with a mag¬ 
nification of 6 diameters. 

cells are seen under (llisson’s capsule and are doubtless the cause of the peri¬ 
hepatitis and peritonitis that are so often encountered. 

Throughout the organ there is a proliferation of KupITer cells and focal accu¬ 
mulations of wandering mononuclear cells of the same general type. Some of 
these have a highly vacuolated cytoplasm containing masses of fat. Many 
plasma cells are also present. 
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The bile ducts show a variable degree of involvement. In cases in which onh' 
small lesions are present, no reaction in these structures is observed. In the 
presence of extensive destruction of the parenchyma, however, there is an ex¬ 
tremely active proliferation of the bile ducts. 

Parrot Spiroi. dross Changes: d'he spleen is alwa\s greatly enlarged and 
very friable. 



Fig. 3.—Consolidation in a monkey’s lungs caused by psittacosis virus: The 
upper portion of the picture shows a disappearance of air-containing alveoli 
induced by a thickening of the alveolar walls and by a mononuclear exudate within 
the alveoli; in the lower portion, the thickened alveolar walls are still definable; 
eosin and methylene blue; slightly reduced from a photomicrograph with a mag¬ 
nification of 65 diameters. 

Microscopic Changes: The normal architecture of the lymphoid follicles is 
almost completely obliterated, while the reticular and sinus structures are well 
preserved. The entire organ is densely infiltrated with wandering phagocytic 
cells which have a vacuolated cytoplasm containing amorphous debris, pigment 
and globules of fat. The increase in size apparently is due to the content of blood 
and the enormous number of mononuclear cells. 
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Mouse Liver. -Clross Changes: 'Phe liver is always larger than normal. Fatty 
degeneration is a prominent feature and at times is so marked that the whole 
organ becomes chamois colored. In addition to these changes, white or yellow 
dots often stud the surface. These lesions tend to be more numerous near the 
edge of tlie organ and ma\' be surrounded by red areolae. 

Microscopic Changes: Pathologic alterations in the livers of mice always occur 
and are extremeh' characteristic. A general infiltration with fine globules of fat 
and a granular degeneration of the liver cells arc present. Isolated groups of cells, 
with no apparent relation to the structural landmarks of the organ, undergo an 
acidophilic degeneration and eventually disappear, leaving a pink reticulated 
mass which rapidly becomes intiltratcd wdth mononuclear and polymorphonuclear 
cells. If the lesion is near the surface, a cellular exudate extends through and 
over the surface of the capsule. The cause of the necrosis is not known. Al¬ 
though we have not been able as yet to demonstrate an_\' primary involvement of 
the vascular supply, the possibility that such a iihenomenon may account for the 
picture must be borne in mind. In addition to the necrotic lesions, the sinuses 
of the liver contain large numbers of mononuclear cells, many of which are appar¬ 
ently derived from KuplTer cells, 

Pslltiicosis in Monkeys 

Lesions in the lungs of parrots, mice, rabbits and guinea-pigs oc¬ 
curred so rarely that we decided to use monkeys in the hoi)e of ob¬ 
taining an involvement of this organ similar to that described in man. 
Young M(icacus rhesus monkeys were employed. At first, intracerebral 
inoculations of the virus were made. The animals were susceptible 
to the virus introduced in this manner but showed no changes in the 
lungs. Then intratracheal and intranasal inoculations were tried, and 
typical lung lesions were regularly obtained in this manner. 

Intratracheal Inoculations .—A number of monkeys were inoculated intra- 
trachcally with from 2 to 4 cc, of liver and spleen emulsions from mice infected 
with psittacosis. All of the animals had high temperatures and roentgenographic 
evidences of consolidation of the lungs. Some died, and others were killed at 
different times following inoculation in order to study the various stages of the 
pathologic picture. A successful subpassage was obtained in one instance, and 
mice inoculated with an emulsion from this animal’s liver died of psittacosis. 
The lungs at autopsy in all instances were free from ordinary aerobic and anaerobic 
bacteria. Furthermore, the presence of psittacosis virus in the lungs was demon¬ 
strated by inoculation of emulsions of these organs into mice and parrots. More¬ 
over, a monkey inoculated intratrachcally with an emulsion of liver and spleen 
from normal mice developed no fever and no roentgenographic evidence of lung 
involvement during the period of observation. 
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Inlrauasal Inoriilalum~T\\'o monkeys were inociilalcd by intranasal instillation 
of 1.5 cc. of a liver and spleen emulsion from mice infected with psittacosis. One 
of the animals developed a high fever two days after inoculation; a roentgenogram 
revealed marked involvement of the lungs, which was shown at autopsy to be 
typical of psittacosis. 

Roentgen Examinations.- Regardless of whether the virus was administered 
intratrachcally or intranasally, the lesion always began at the hilus and then spread 



Fig. 4.- -A higher magnification of the process shown in figure 3: The alveolar 
Walls are greatly thickened; desquamation of cells into the alveoli is beginning; 
eosin and methylene blue; slightly reduced from a photomicrograph with a 
magnification of 450 diameters. 

toward the periphery of the lungs. This is excellently demonstrated in the series 
of roentgenograms of monkey J (fig. 1), which show a striking similarity to those 
in the preceding paper- on psittacosis in the lungs of man. 

Gross Changes. —Lungs: On opening the thorax, one finds a delicate fibrinous 
pleurisy over the involved lungs. Areas of consolidation are observed in one or 
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more lobes. Such areas are firm and not very red. On section, their surface is 
smooth, almost glistening, and mottled with pale zones surrounding the bronchi 
and blood vessels. No exudate is seen in the bronchi. The consolidation ob¬ 
viously begins at the hilus and spreads toward the i)eriphery of the lung. Hilar 
lymph nodes are much larger than normal. 

Heart: In many of the animals, an increase of pericardial lluid, that may or 
may not be cloudy, occurs. The heart is usually enlarged, and its muscle is 
tlabby. 

Liver: The liver ma\ be enlarged, and at times there is distinct evidence of 
fatU' degeneration. In many of the animals, small areas of necrosis have been 
observed near the border of the right lobe in the neighborhood of the round 
ligament. 

Spleen: 'Phis organ usually appears to be normal. 

Mknm opk Lungs: Examination reveals that the pathologic changes 

are most intense near the hilus and decrease as the periphery of the organ is a[)- 
proached where some normal alveolar structures ma\' be found (fig. 2). Adjoining 
the air-containing alveoli is a zone in which the alveolar walls arc mildly distended 
with mononuclear cells and the alveolar cavities contain a moderate number of 
cells and some precipitated albumin (figs. 3 and 4). In the neighborhood of the 
hilus, the alveolar walls show ^ marked cellular infiltration and the alveolar spaces 
are filled with fibrin and mononuclear cells (figs. 3 and 5). 'Lhere is congestion 
of the capillaries, but the cellular infiltration or proliferation in the alveolar walls 
is the striking feature (fig. 4). At times the interstitial tissue is so distended by 
cells that the alveoli are partially or completely obliterated (lig. 5). Moreover, 
there may be an active proliferation of the alveolar epithelium, giving rise to rows 
of cuboidal cells lining the alveolar spaces. Occasionally, necrosis is observed. 
When it occurs, the alveolar walls that are in the necrotic areas evidence hyaline 
changes. The adventitia of the veins is distended with mononuclear cells, (fig. 3) 
and the picture resembles the “culling of blood vessels” in encephalitic brains. 
Mononuclear cells- clasmatocytes, plasma cells and lymphocytes—constitute 
most of the infiltrating elements, but polymorphonuclear cells are observed, 
particularly in the necrotic areas. 

Liver: There is a dilTuse fatty degeneration of the liver cells. In the liver of 
one monkey, areas of focal necrosis, similar to those found in the livers of mice, 
were observed. 

Spleen: A definite increase in the number of large mononuclear cells occurs. 
In some of the malpighian corpuscles, a central necrosis, associated with hyaline 
changes in the vessels and depositions of fibrin, is observed. 

Etiology 

Stained preparations of highly infectious material reveal no ordinary 
bacteria. Moreover, aerobic and anaerobic cultures of such material 
have not demonstrated ordinary bacteria. The ‘'minute bodies’^ 
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described by Levinthal/ Lillie^* and Coles^ have been found in prepa¬ 
rations made from parrots and mice. Such bodies, however, have 
not been seen in highly infected organs of rabbits and monkeys. Fur¬ 
ther search for them in these animals should be made. The necessity 
of this search is emphasized by the fact that infectious organ emul- 



Fig. 5.—An advanced stage of the process shown in figure 4: Fhe alveoli are 
either filled with mononuclear cells or collapsed by the great thickening of the 
alveolar walls; eositi and methylene blue; slightly reduced from a photomicrograph 
with a magnification of 450 diameters. 

sions from rabbits produced in parrots psittacosis with an abundance 
of ‘^minute bodies.’’ Furthermore, similar organ emulsions from mon- 

5. Levinthal, W.: Klin. Wchnschr. 9: 654, 1930. 

6. Lillie, R. D.: Pub. Health Kept. 45: 773 (April 11) 1930. 

7. Coles, A. C.: Lancet 1; 1011 (May 10) 1930. 
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keys, in which these bodies were not seen, induced in mice psittacosis 
associated with the presence of the small bacteria-like structures. The 
nature of these small structures and their relation to psittacosis are 
not known. 


SUMMARY 

1. The virus of psittacosis is in the feces and in the material collected 
from the nose, mouth and procrop of infected parrots. 

2. Parrots and monkeys can be infected by intranasal instillations 
of the virus. 

3. Parrots and rabbits that have recovered from a primary infection 
are refractory to reinfection. 

4. It is not a simple matter to demonstrate neutralizing properties 
in convalescent human serum. 

5. In parrots and in mice, the principal lesions occur in the liver 
and spleen. 

6. Young monkeys {Macacus rhesus) are susceptible to intracerebral, 
intratracheal and intranasal inoculations of psittacosis virus. When 
it is instilled in the nose or injected in the trachea a characteristic 
pathologic picture occurs in the lungs which is similar to that observed 
in man. 




[Reprinted from The Journal of Experimental Medione, October 1, 1930, 
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CULTIVATION OF VACCINE VIRUS 
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(Received for publication, June 21, 1930) 

Many investigators have cultivated vaccine virus in bits of living 
tissue embedded in plasma. These small cultures were made on cover- 
slips which were then inverted and sealed over hollow ground slides. 
For many reasons methods of making larger cultures are highly desir¬ 
able. To this end, Carrel and Rivers (1) devised a procedure whereby 
cultures of vaccine virus were made in 2 to 8 cc. amounts. This was 
accomplished by inoculating minced chick embryo tissue with vaccine 
virus and then embedding it in diluted chicken plasma in Carrel 
flasks. This method was improved upon by Maitland and Maitland 
(2) who used a fluid medium consisting of minced chicken kidney sus¬ 
pended in chicken serum diluted with Tyrode's solution. Later 
Muckenfuss and Rivers (3) altered Maitland’s medium by substituting 
rabbit testis and serum for chicken kidney and serum. The fact that 
certain viruses, e.g,, vaccine virus, Virus III, herpetic virus, will mul¬ 
tiply in a medium of this nature has been amply verified by the work 
of Eagles and McClean (4), Andrewes (5-7), and Maitland and Laing 
( 8 ). 

The work to be described at this time has to do with the simplifi¬ 
cation of the technique for the cultivation of vaccine virus suitable for 
Jennerian prophylaxis in man. A medium, in which tissues and serum 
from halfgrown or adult animals are used, may easily permit the entry 
of an unknown virus into the cultures as a contaminant. The chance 
of such an occurrence can be lessened by the use of minced chick 
embryo suspended in Tyrode’s solution. The possibility that such a 
medium would be appropriate was suggested by an experiment in 
which Andrewes (6) showed that Virus III survived and formed inclu¬ 
sions in rabbit testicular tissue suspended in Tyrode’s solution. 
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Methods and Materials 

Virus .—Levaditi neurovaccine virus that had been propagated for 6 months 
in rabbit testicles was used to initiate the cultures. 

Tissues .—Testicular tissue was obtained asept\cally from rabbits, washed in 
Tyrode’s solution, placed in a sterile watchglass contained in a Petri dish, minced 
with scissors, and then distributed in proper amounts into flasks by means ef a 
pipette. Embryo tissue was obtained from eggs, incubated 9 to 12 days, that had 
been opened according to the method of Carrel and Rivers (1) or that of Eagles 
andMcClean (4). 

Fluids .—When serum was used it was collected from rabbits, and diluted 
with 3 parts of Tyrode’s solution. Tyrode’s solution, pH about 7.2, prepared ac¬ 
cording to the following formula was sterilized by filtration: NaCl, 8 gm.; KCl, 
0.2 gm.; CaCl 2 , 0.2 gm.; MgCl 2 , 0.1 gm.; NaHP 04 , 0.05 gm.; NaHCOs, 1.0 gm.; 
glucose, 1.0 gm.; water q.s. 1000 cc. 

Containers .—Containers for the production of vaccine virus in large amounts 
must be of sufficient size and easy to handle. Furthermore, they must permit 
aeration and prevent contaminations and evaporation. At first, cultures were 
made in Carrel D flasks. Then 50 cc. Erlenmeyer flasks, stoppered with cotton 
over which two layers of tinfoil were placed, were used. Neither type of container 
was found entirely satisfactory for the work. Finally a flask was designed (collar 
flask) which proved to be suitable. The mouth of the flask (Text-fig. 1) is of suffi¬ 
cient size to permit the removal of the contents by means of a pipette. It is closed 
by a cotton plug over which are stretched two or three layers of tinfoil. The 
enlargement in the neck reduces the amount of water of condensation on or near the 
cotton plug and also prevents the water that does touch the cotton from running 
down and contaminating the culture. The small opening, plugged with cotton, 
on the side serves for ventilation. The bottom is perfectly flat, thus providing 
a large area over which a thin layer of culture may be evenly distributed. The 
flasks are made in two sizes. The dimensions of the large one are: height, 14 cm., 
diameter of mouth, 3.5 cm., diameter of base, 9 cm. The measurements of the 
small one are: height, 9 cm., diameter of mouth, 2.5 cm., diameter of base, 4.5 cm. 
In the large flasks, 2 to 4 gm. of tissue suspended in 15 cc. of Tyrode’s solution 
were used, while in the small ones 0.5 to 1 gm. of tissue suspended in 5 cc. of 
Tyrode’s solution was employed. 

Preparation of Cultures .—Approximately 1 gm. of tissue was used to each 5 cc. 
of diluted serum or Tyrode’s solution. Testicular or chick embryo tissue sus¬ 
pended in its vehicle was distributed in flasks. Prior to use, the sterility of the 
medium was tested on blood agar and in broth. During this interval (48 hours), 
the prepared flasks were stored at +5®C. The medium was then inoculated 
with 0.1 to 0.2 cc. of virus emulsion, and the cultures were incubated at 37°C. for 
7 days. New cultures were made by the direct transfer of a few drops of the old 
culture into flasks of fresh medium. In this simple manner, vaccine virus can be 
propagated through an indefinite number of culture generations. 
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Titration of Tim .—Cultures for titration were ground in sterile mortars, and 
then appropriate dilutions were made with Locke’s solution. A fresh pipette was 
always used for each successive dilution. 0.25 cc. of each dilution was injected 
into the shaved skin of rabbits. Daily observations of the animals were made for 
a week. 


EXPERIMENTAL 

In our investigation concerning the cultivation of vaccine virus, 
many experiments have been performed. All of them will not be 



Text-Fig. 1. Type of flask used for the cultivation of vaccine virus 

described, inasmuch as some are similar to experiments made and re¬ 
ported by others (8). Part of our work, however, is different from 
that previously described and the results are summarized in Chart 1. 

The first cultures of Series A (Chart 1) were made February 17,1930. 
A medium consisting of rabbit testicular tissue and a mixture of rabbit 
serum (1 part) and Tyrode's solution (3 parts) was inoculated with 




472 


CULTIVATION OF VACCINE VIRUS 


vaccine virus and then distributed in Carrel D flasks. Virus from a 
culture of the third generation of Series A was inoculated into a flask 
(Scries B) of medium comprised of chick embryo tissue suspended in 
Series A 



Chart 1 . Summary of experiments on cultivation of vaccine virus. 

The media used in the different series were as follows: Series A: Rabbit testicu¬ 
lar tissue in a mixture of rabbit serum and Tyrode’s solution. Series B: Chick 
embryo tissue in a mixture of rabbit scrum and Tyrode’s solution. Series C and 
D; Chick embryo tissue in Tyrode’s solution. 

T. in R. indicates titer in rabbit. 


rabbit serum (1 part) and Tyrode’s solution (3 parts). Seventh gen¬ 
eration virus (Series B) was inoculated into a medium of chick embryo 
tissue suspended in Tyrode’s solution (Series C). At this time collar 
flasks were first employed and since then they have been in general use. 
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The virus in Series C has been propagated for 10 generations, and is 
still under cultivation. 

The fact that the virus multiplied is obvious and a mathematical 
proof seems superfluous. Nevertheless, one estimation will be given. 
The titer of the eighth generation virus (Series B) was >1:10,000. 
This virus mixed with glycerol was stored at +5°C. for 26 days. Then 
the preserved virus was diluted 1:100 with Tyrode’s solution, and 5 
drops of the dilution were inoculated into 5 cc. of fresh medium. 
After a 9-day period of incubation, 4 drops of this culture were added 
to 15 cc. of fresh medium. After incubation the titer of the last 
culture was 1:1,000,000 (Series D). 

From the work summarized in Chart 1, it is obvious that the virus 
can be transferred without difficulty from one kind of medium to an¬ 
other. Furthermore, culture virus, mixed with glycerol, sealed, and 
stored at +S°C., can be preserved for a long time. In this manner 
virus has been preserved for 64 days without great loss in potency. 
Moreover, the preserved virus can be employed as an inoculum for the 
initiation of fresh cultures. 

The virus propagated in cultures for a long time seems to have lost 
none of its characteristics, for, when it is spread on the scarified shaved 
skin of a rabbit, typical vaccinal lesions occur. Moreover, serum from 
a rabbit immune to Levaditi's neurovaccine virus completely neu¬ 
tralizes the culture virus. Finally, an immune serum prepared with 
the culture virus neutralizes the Levaditi vaccine virus. 

DISCUSSION 

A simple method for the in vitro cultivation of vaccine virus has 
been devised. The flasks employed are easy to manipulate and permit 
the production of large amounts of virus. Moreover, the medium is 
innocuous and inexpensive, consisting of minced chick embryo sus¬ 
pended in Tyrode^s solution. In spite of the simplicity of the pro¬ 
cedure, however, one should not forget the fact that living susceptible 
host cells are employed. No one has as yet been able to demon¬ 
strate that vaccine virus can multiply in the absence of such cells. 

The facility with which vaccine virus can be handled and cultivated 
in vitro varies with the strain. This fact has been evidenced by pre¬ 
vious experiences in our laboratory and also in that of Eagles and 
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McClean (4). In the work reported at this time a neurovaccine virus 
was employed. Studies have been planned to determine whether it is 
possible to adapt a dermovirus to the type of medium used by us. 

SUMMARY 

1. A strain of neurovaccine virus was cultivated in a medium con¬ 
sisting of minced chick embryo suspended in Tyrode’s solution. 

2. The virus upon cultivation apparently lost none of its essential 
characteristics. 

3. The culture virus can be preserved and stored for long periods of 
time. Furthermore, the preserved virus can be used to initiate fresh 
cultures. 
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The study of nephritis beginning with Bright (1836) has led to the 
recognition of different types of renal disease which have finally re¬ 
ceived consistent outlines in the classic monographs of Volhard and 
Fahr (1914) and Volhard (1918), and the recent work of Addis (1925, 
1928). These authors, approaching the problem from considerably 
different directions, nevertheless agree in the main, and recognize three 
chief types of nephropathy, of which the outstanding differential 
characteristics are: (1) Hematuria, acute, intermittent, or chronic, 
usually with hypertension, and with nitrogen retention, frequent in 
the acute stage, regular in the advanced chronic stages; (2) marked 
hypertension, which precedes any serious renal signs; (3) edema and 
heavy proteinuria without hematuria or hypertension. These three 
conditions are characterized by Volhard and Fahr as glomerulo¬ 
nephritis, nephrosclerosis (^^Nierensklerose”), and nephrosis, respec¬ 
tively; while Addis calls them hemorrhagic, arteriosclerotic, and 
degenerative Bright’s disease. 

It was the great service of Volhard and Fahr not only to introduce 
order and clarity into the clinical classification of nephritidcs, but also 
for the first time satisfactorily to relate the clinically defined condi¬ 
tions to anatomical changes in the kidneys. The outstanding and 
primary histological changes which they observed in the three condi¬ 
tions were respectively: (1) Inflammatory glomerular destruction; (2) 
thickening of the small renal arteries; and (3) degeneration affecting 
most markedly the tubules. These were the primary and charac¬ 
teristic changes noted, although the autopsy material yielded by ter¬ 
minal conditions frequently presented in varying degree additional 
secondary changes. Subsequent observations, including those pre¬ 
sented in this paper, have confirmed the essentials, clinical and histo¬ 
logical, of Volhard and Fahr’s classification. 

In this report we present, from a series of cases observed closely 
over periods varying from weeks to years, objective functional and 
clinical data, together, in those cases which have come to autopsy, with 
descriptions of the terminal histology. The data are presented with 
the hope of adding to the clarity and completeness with which the 
variable courses of these different types of renal disease can be pictured, 
and thereby lessening the avoidable error of diagnosis and prognosis. 

The object of this contribution is limited by the boundaries of the 
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above statement. Etiology and therapy have been kept constantly 
in view during the progress of the work, but will enter only incidentally 
into this presentation. 

Nomenclature 

With regard to the last two of the three types of renal disease 
mentioned, there appears to be little difference between the Volhard- 
Fahr and Addis nomenclatures. ‘‘Nephrosclerosis” and “arterio¬ 
sclerotic Bright’s disease” are so nearly equivalent, both in their 
apparent significance and in the meaning attached to them, that they 
may be regarded as synonymous, and we have used them as such. 

Similarly both Volhard and Fahr, and Addis, speak of the “degenera¬ 
tive” renal diseases. However, the former authors also use nephrosis, 
as a convenient and familiar syTion)mi; while Addis, in view apparently 
of confusion that has grown up about the term from controversies 
concerning the nature of the disease, has abandoned “nephrosis” and 
uses only “degenerative Bright’s disease.” We have had somewhat 
the same feeling, and have to a large extent used the term, “degenera¬ 
tive Bright’s disease.” We have employed the shorter synonym, 
however, when the repeated use of the longer one would lead to 
awkwardness of expression. Doubtless, as Volhard remarks in the 
introduction to his later monograph (1918), it is more essential to 
attain clarity concerning the nature of the disease than to be meticu¬ 
lous concerning the etymology of its name. 

In the case of the hemorrhagic or glomerular type although there 
appears to be no difference between Addis and Volhard and Fahr 
concerning the identity of the disease, there is a difference in the man¬ 
ner in which they have divided it into stages and sub-types. Volhard 
and Fahr divide the disease into the diffuse and focal forms of glomeru¬ 
lonephritis, which they differentiate chiefly by means of blood pressure, 
the focal (“herdformige”) nephritis being distinguished by the fact 
that, from its acute hemorrhagic onset, throughout its course, acute or 
chronic, the blood pressure remains normal. Likewise Volhard and 
Fahr appear to consider maintenance of renal function as a character¬ 
istic of this type of the disease, except in complicated cases. We 
have not found it easy to differentiate our cases on the basis of blood 
pressure, without inconsistency with regard to the renal function. 
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TYPE OF DISEASE 


Hemorrhagic (glomer¬ 
ulonephritis) 


Arterio¬ 

sclerotic 

(nephro¬ 

sclerosis) 


Non- 

hemor-' 

rhagic 

Degenera¬ 
tive (ne¬ 
phrosis, 
lipoid or 
amyloid) 


TABLE 1 


CLINICAL COURSE 


Acute onset. Either 
heals, improves 
to a latent con¬ 
dition, or pro¬ 
gresses through 
an intermediate 
chronic state, us¬ 
ually edematous, 
with diminishing 
renal function, to 
terminate in ure¬ 
mia 

Insidious onset. 
Marked hyper¬ 
tension. No 
edema unless car¬ 
diac. Dct-th by 
cardiac failure, 
apoplexy or 
uremia 


Insidious onset. 
Edema, and pro¬ 
teinuria. No hy¬ 
pertension. May 
end in cure, 
death by inter- 
current infection, 
or less frequently 
uremia 


URINE SEDIMENT 
(addis) 

Red cells in vary¬ 
ing numbers. 

Blood, epithelial, 
and granular 

casts, in all stages 
except terminal. 
Hyaline casts in 
all stages. Broad 
*‘renal failure” 
casts in terminal 


Chiefly hyaline 
casts 


Chiefly hyaline 
casts, few epithe¬ 
lial, fatty, granu¬ 
lar, and waxy. 
No blood casts. 
Failure casts in 
cases with termi¬ 
nal uremia. 
Doubly refracting 
globules 


anatomical changes 
OF kidneys 

Glomerular injlam- 
motion leading in 
terminal stage to 
nearly complete 
destruction. In¬ 
tracapillary and 
extracapillary 
forms of Fahr. 
Also varying tub¬ 
ular degeneration 
and arterial 

changes 

Arterioles are dis¬ 
eased, with con¬ 
tracted lumina, 
endarteritis, inti- 
mal hyperplasia, 
fatty degenera¬ 
tion, necrosis, in 
varying degree. 
Varying propor¬ 
tions of glomeruli 
destroyed. No 
marked tubular 
degeneration. Ne¬ 
crosis of tubules 
may occur 

Degenerated tubular 
epithelium. Vary¬ 
ing proportions of 
glomeruli may be 
destroyed; hyaline 
or amyloid. In 
amyloid type ar¬ 
teriolar walls are 
more or less in¬ 
filtrated by amy¬ 
loid material 
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Thus cases 10 and 11 showed decreases of renal function, measured by 
the blood urea clearance, to 12 and 4 per cent of normal respectively, 
at minimum points reached 6 and 3 wer^ks respectively after hemor¬ 
rhagic onset: yet neither at any time under observation showed hyper¬ 
tension. Case 18 progressed steadily downwards from the acute 
through the chronic stage, and is now apparently about to enter the 
terminal, but has at no time shown hypertension. It has been difficult 
to conceive that these cases in their renal disease are essentially 
different from the others in which hypertension, usually ttansitory, 
occurred during the first weeks of the acute period. 

Addis does not, in his outline of the course of hemorrhagic nephritis, 
attempt to make a clinical separation of the focal cases. Furthermore 
his description of the progress of the disease, from the acute onset 
upwards to cure or to arrest in the latent stage, or downwards through 
the active chronic to the terminal stage, so precisely fits our observa¬ 
tions, that in describing the clinical progress of our cases the use of 
his terms has been almost unavoidable. We have accordingly used 
Addis's terminology in the discussion of our observations concerning 
the course of ‘ffiemorrhagic nephritis." 

In the discussion of the pathological histology, however, Fahr's 
anatomical terminology (Volhard and Fahr, 1914) has been followed. 
One might expect confusion to arise from using one set of terms to 
indicate conditions in the living cases and another set to outline the 
anatomical post mortem findings. In fact, however, there appears 
to be no such confusion: the use of one term to indicate the clinically 
observed condition and another to express post mortem observations 
serves the purpose of indicating whether the renal condition under 
consideration is being discussed on the basis of clinical or anatomi¬ 
cal data. 

In a semi-diagrammatic and incomplete, condensed form, the more 
outstanding clinical characteristics of the three main types of renal 
disease may be represented in table 1 (the synonyms of Volhard and 
Fahr are enclosed in parentheses). 

Details concerning the occurrence of these and other characteristics 
in each type of renal disease will develop later in the discussion of 
specific observations covering a group of cases of each typ^. 
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CASES PRESENTED 

The 67 cases presented have been selected for the most part because 
they are the ones we have had opportunity to observe most completely. 
In addition a few that were under observation for but short periods 
before death are included for the reason that we obtained autopsies on 
them. 

The cases are grouped as follows with regard to the clinical types of 
renal disease which they represent and their outcomes. In each group 
the cases with most favorable outcome, or in which the course of the 
disease has appeared to be least rapid or severe, have been placed 
first, while the cases with the most unfavorable or most rapidly fatal 
outcome have been placed last. 

Jculc hemorrhagic nephritis. Nos. 1 to 23. 

Nos. 1 to 5 inclusive recovered. 

Nos. 6 to 16 improved to the latent stage. 

Nos. 17 and 18 progressed to the active chronic stage, but still live. 

Nos. 19 to 23 progressed to the terminal stage and died in from 3 months 
to 4 years after the initial acute onset. 

Cases admitted in latent form of hemorrhagic nephritis. Nos. 23a and 24. 

Both these cases progressed into the terminal condition, one after 4 years 
and the other after 8 years, in the latent stage. Case 23a still lives but case 24 
has died in uremia. 

Cases admitted in the active chronic form of hemorrhagic nephritis. Nos. 25 to 37. 

Nos. 25 to 30 are progressing but still alive, from 1.5 to 6 years after the first 
symptoms of their disease appeared. 

Nos. 31 to 37 died 2.5 to 12 years after onset of disease. 

Tcrndnal stage of hemorrhagic nephritis. Nos. 38 to 50. 

All the patients who were in the terminal stage when admitted have died, at 
periods from 6 months to 13 years after symptoms of nephritis were noticed. In 
the cases of longest duration there had apparently been latent periods. 

Arteriosclerotic nephritis. Nos. 51 to 56. 

These patients have all died at periods varying from 3 to 10 years after hyper¬ 
tension was noted. One death appeared to be due to cardiac failure, two were 
typically uremic, while in the other 3 symptoms of uremia and heart failure were 
so combined that it was difficult to ascribe exitus more to one than to the other. 

Degenerative nephritis or nephrosis. Nos. 57 to 66. 

No. 57 made an apparently complete recovery. 

Of nos. 58 to 64,4 are still living, with the disease in an apparently chronic form, 
and 3 have died from causes other than renal failure. 
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Nos. 65 and 66 died in typical uremia with nitrogen reU.>.- - these no. 66 
at autopsy was found to be amyloid: autopsy on no. 65 was not permitted. 

Significance of Clinical Data Presented 

In order to present within practicable space obs^ vati iis on so 
large a series of patients over prolonged periods it is neces ry to use 
graphic methods and limit the data to those of most definite signifi¬ 
cance. We have accordingly given the results of one functional test, 
the blood urea clearance, which has proved the most sensitive and 
reliable. The plasma protein contents have been given as the figures 
most closely related to the edematous tendency and to the progress of 
the degenerative type of Bright’s disease, hemorrhagic or non-hemor- 
rhagic. The edema itself is represented in a semi-quantitative way, 
and likewise the proteinuria that, in gross form, is part of the degenera¬ 
tive syndrome. Blood pressure values are given because of their aid 
in differentiating arteriosclerotic nephritis from the other types, and 
of their interest in showing something of the incidence of circulatory 
derangement in hemorrhagic nephritis. Hematuria is shown because 
of its diagnostic significance in differentiating hemorrhagic from pure 
degenerative and arteriosclerotic nephritides. Hemoglobin concen¬ 
trations in the blood are presented because anemia appears to represent 
one effect of nephritic toxic injury which is measurable, even though 
it is less serious for the organism than those injuries directly responsi¬ 
ble for the uremic syndrome. 

The blood urea clearances were determined as described by Mjzlller, 
McIntosh, and Van Slyke (1928). Each clearance involves urea 
determinations on one blood sample and on two urine samples passed 
during successive periods of approximately one hour each. 

The plasma proteins were determined by the method of Howe 
(1921), the globulins being precipitated by 22 per cent sodium sulfate 
and the albumin determined in the filtrate, all analyses being made 
by micro Kjeldahl methods. 

Hemoglobin concentrations in blood were determined by the method 
of Palmer (1918). 

Proteins in the urine have been determined in a majority of the 
cases presented by the approximate Esbach method. During the 
past three years the more nearly quantitative procedure of Shevky 
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and Stafford (1923) has been employed. Because of the semi-quanti¬ 
tative nature of most of the urine protein values we have plotted them 
in a semi-quantitative manner in the charts. 

Hematuria in most of the cases, unless macroscopic, has been de¬ 
termined by the usual microscopic examination of sediment obtained 
from morning urine. During the past 3 years the quantitative sedi¬ 
ment count of Addis (1926), on sediment obtained from urine passed 
during the last 12 hours of a 24-hour dry diet, has been introduced. 
Some of the results obtained with it are given in the case histories. 
Because it was not used in most of the cases presented, we have not 
designed the charts to indicate millions of cells excreted, but only 
the relative hematuria roughly differentiated into 4 degrees (see expla¬ 
nation before the charts of the hemorrhagic cases). 

Blood pressures have been measured with mercury manometers. 

The significances of the above values are discussed below in more 
detail. The discussion is based in part on the observations of other 
authors, in part on records presented later in this paper. 

Blood Urea Clearance 

The blood urea clearance is used in our charts as the measure of 
renal functional ability. That urea retention is characteristic of 
renal failure leading to clinical uremia has long been recognized. 
Van Slyke, McIntosh, Miller, Hannon, and Johnston (1930) have 
presented data showing that the urea excreting ability of the kidneys 
was, in fact, the most sensitive indicator of the state of the renal 
function of several which they tested, including blood urea and blood 
creatinine concentrations, and phenosulfonephthalein excretion. As 
a measure of the urea excreting power of the kidneys it has been 
recognized since the work of Ambard (1914) and F. C. McLean (1915, 
1917) that the most exact information requires comparison of both 
blood urea concentration and urea excretion in the urine. From the 
work of M01]er, McIntosh, and Van Slyke (1928), it appeared that the 
simplest and most satisfactory way to express the relationship between 
these two factors was by means of the '*blood urea clearance,’^ by which 
term they indicated the cubic centimeters of blood per minute cleared oj 
urea by renal excretion. 
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For urine volumes below 2 cc. per minute, as shown previously by 
Austin, Stillman, and Van Slyke (1921) the blood urea clearance 
decreases with diminishing urine volume. Diminishing the volume to 
1/4 was found to lower the clearance to 1/2: in other words, the 
clearance varies in proportion to the square root of the urine volume. 
Making allowance for this influence of urine volume, the blood urea 
clearance, from determinations with any urine volume below 2 cc. per 
minute, is estimated for the standard condition that urine volume 
output is 1 cc. per minute (approximately the normal average output), 
the formula (Miller, McIntosh, and Van Slyke, 1928) used being: 


Standard blood urea clearance = ~ \/v 


where U is the concentration of urea in the urine, B is the concentration 
in the blood, and V is the volume output of urine in cc. per minute. 
Van Slyke, McIntosh, Miller, Hannon, and Johnston (1930) found 
that the relative sensitiveness to renal damage of this clearance was 
such that it indicated a drop below 40 percent of normal renal function 
in a large percentage of progressing nephritic cases when phenosul- 
fonephthalein excretion, blood creatinine, and blood urea considered 
without its relation to urea excretion, were still within the range of 
normal variation; and that, in point of time, the blood urea clearance 
in progressing cases revealed development of functional deficit weeks 
or months before the other tests above mentioned. Because of the 
sensitiveness and practicability of the blood urea clearance as a 
measure of renal function, we have used this one value for the purpose 
of expressing renal efficiency. In the charts the standard clearance 
is indicated by the symbol C, and is expressed both in cubic centi¬ 
meters of blood cleared per minute, and in percentages of the average 
normal clearance, which is 54 cc. per minute for adults. Correction 
has been made for body size according to the chart for this purpose 
published by McIntosh, Mj^ller, and Van Slyke (1928), although such 
correction is important only for children. 

For urine volumes above 2 cc. per minute Austin, Stillman, and Van 
Slyke (1921) showed that the clearance is independent of the volume. 
With urine volumes over 2 cc. per minute the clearance is calculated 
UV 

simply as —. The average value of this “maximum clearance” 
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for normal adults is 75 cc. of blood cleared of urea per minute. Miller, 
McIntosh, and Van Slyke (1928) in studies on nephritic patients found 
that with a given subject the same percentages of average normal 
function are given by the “maximum^^ blood urea clearance, deter¬ 
mined with high urine volume outputs, as by the “standard^' blood 
urea clearance, determined with urine outputs within the usual range. 
In cases where during the clearance determinations the urine volumes 
exceeded 2 cc. per minute, we have calculated the maximum clearance 
in percentage of normal and recorded it as such in the charts. Since 
urine volumes in hospital patients seldom exceed 2 cc. per minute, 
unless diuresis is intentionally stimulated, however, nearly all the 
clearance values shown are ‘^standard clearances.*’ 

From a comparison of the terminal clearance values and autopsy 
findings in cases reported in this paper it appears that in hemorrhagic 
and degenerative nephritis one may interpret the blood urea clearance as 
a measure of the proportion of glomerular tissue still functioning. In 
terminal arteriosclerotic nephritis, clearance values which are a small 
fraction of normal have been found with a large proportion of glomeruli 
still intact. It appears probable that in arteriosclerotic nephritis the fall 
in blood urea clearance is proportional to the decrease in renal blood 
flow rather than to the glomerular destruction. 

Plasma Protein Content aftd Edema 

As urea retention in nephritis is the sign of a condition leading to 
uremia, so is plasma albumin deficit the sign of a condition leading to 
edema. As, after renal failure, edema is the complication that causes 
most frequent concern, so is determination of the plasma proteins, 
after that of the urea excreting ability, the quantitative chemical 
examination to which we have come to refer most frequently in judg¬ 
ing the condition of patients. 

In a recent report on results from 75 nephritic patients Moore and 
Van Slyke (1930) have shown that when the total protein content, 
normally averaging 7 per cent, falls below 5.2 to 5.8 per cent, or the 
albumin, normally averaging 4.3 per cent, falls below 2.3 to 2.7 per 
cent, or the plasma specific gravity, normally averaging 1.027 falls 
below 1.0225 to 1.0235, edema is usually present. The figure most 
closely connected with the edematous tendency appears to be the 
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albumin, but as the globulin usually remains unaffected, the total 
proteins and the specific gravity, which reflects the total proteins, as a 
rule both parallel the albumin and show the same correlation with 
edema. 

While urea retention is a warning, and not in itself apparently the 
cause of uremia, there is fair proof that plasma protein deficit is an 
important direct cause of non-cardiac nephritic edema. 

Evidence that plasma protein deficit predisposes to edema was first 
given by the physiological experiments of Starling (ISQS-Qb). He 
measured the osmotic pressure of the plasma proteins and found it at 
a level of about 30 mm., between arterial and venous blood pressures. 
Starling pointed out that it is presumably this osmotic attraction of 
the plasma proteins for water that balances in the capillaries the 
hydraulic pressure tending to force the fluid out into the tissue spaces, 
and that when the protein osmotic pressure weakens, because of 
decrease in protein concentration, undue amounts of fluid are likely 
to pass out into the tissues. He found that the edematous leg of a 
dog perfused with Ringer’s solution remained edematous, but when 
perfused with serum the edema fluid was reabsorbed. The salts pres¬ 
ent, although in molar concentration many times exceeding the 
proteins, have relatively little effect in controlling fluid diffusion be¬ 
cause the salts themselves diffuse freely through the capillary walls. 

.That proteins are scant in the plasma of many nephritic patients 
was noted by Bright (1836). Csatary (1891) noted that the deficiency 
affected the serum albumin more than it did the globulin, so that the 
albumin: globulin ratio, normally 1.5 to 2.0, frequently fell below 1 in 
nephritis. These observations have been confirmed and amplified 
by other authors, whose work has been reviewed by Linder, Lunds- 
gaard, and Van Slyke (1924). It was Epstein (1917), however, who 
connected the observation of plasma protein deficit with Starling’s 
experimental and theoretical work to form an explanation of the cause 
of non-cardiac edema in nephritis. This explanation, viz., that the 
decreased osmotic attraction of the proteins for water permits the 
escape of the latter into the tissues, has been confirmed by the work of 
Govaerts (1924), of Schade and Claussen (1924) and of Cope (1928) 
who determined directly the osmotic pressure in the sera of normal 
subjects and of nephritic patients with and without edema. 
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As might be expected, the relation between protein deficit and edema 
formation is not an entirely regular and uniform one. There are other 
factors which resist or reenforce the hydropigenous effect of plasma 
protein deficit. With plasma proteins near the level at which their 
deficit usually produces edema, the latter may be present or not, and 
may come and go in the same subject, as these other modifying factors 
exert their influence in one direction or the other. Salt intake is such 
an influence: a patient with fairly low plasma protein content and 
edema may lose the latter merely by being put on a salt free r6gime, 
although, as Moore and Van Slyke (1930) have shown, entire dis¬ 
appearance of edema is infrequent if the proteins are below the above 
quoted critical levels. There are other less tangible influences. In 
a patient with tendency to edema barely under control edema may 
appear after infections or operations, and disappear during recovery. 
In some instances fever appears to tend to make edema disappear; in 
others vomiting shows a desiccating effect. And in some cases on the 
border line edema comes and goes for no observable reason. 

In the first weeks of acute nephritis edema may occur with plasma 
protein level normal; this edema is due to some influence quite apart 
from the osmotic effect of the plasma proteins; it may arise from some 
toxic effect increasing capillary permeability. Again in the terminal 
stage of hemorrhagic or arteriosclerotic nephritis edema may occur 
as the result of heart failure. 

With these exceptions, the accumulated data indicate that the con¬ 
stant and dominating factor in producing non-cardiac edema in 
Bright’s disease is plasma albumin deficit, the effect of which is only 
modified in degree by other influences, and that Epstein’s application 
of Starling’s theory has been justified by the studies of subsequent 
investigators. The data presented in the charts of this monograph 
provide further support for the above statement, at the same time 
that they furnish examples of the effects of other influences in modify¬ 
ing that of plasma protein deficit. 

The fact that tendency to edema formation is closely related to 
plasma albumin deficit and relatively unaffected by globulin changes 
is explained by Govaerts’ (1924) finding that the albumin exerts four 
times as much osmotic pressure per gram as the globulin. 
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Proteinuria 

Since proteinuria was shown by Bright to accompany renal disease 
it has maintained its place as a sign of primary diagnostic importance. 
To its original significance as an evidence of renal injury recent years 
have added another. Heavy protein excretion in the urine is accom¬ 
panied in almost all cases by protein deficit in the blood plasma, and 
there is a rough parallelism between the two. As indicated by the 
observations of Linder, Lundsgaard, and Van Slyke (1924), loss of 
albumin in the urine docs not appear to be the sole cause of albumin 
deficit in the blood plasma. The malnutrition common in the edema¬ 
tous types of nephritis adds its effect, apparently by retarding re¬ 
generation of albumin. In a rough approximate way, however, the 
magnitude of protein excretion corresponds with the degree of protein 
deficit in the blood plasma. Both gross proteinuria and plasma pro¬ 
tein deficit are the almost regular accompaniments of the degenerative 
types of renal disease, hemorrhagic and non-hcmorrhagic. The pro¬ 
tein that appears in the urine in these types of nephritis (except the 
amyloid) is 85 per cent or more albumin, relatively little globulin being 
excreted in the urine or missing from the plasma (for data and literature 
see Hiller, McIntosh, and Van Slyke, 1927). Correspondingly, as 
mentioned above, the protein loss in the plasma is as a rule confined to 
the albumin fraction. 

It is in the degenerative types that the urinary protein output has 
the greatest interest, but in all types it assists in the diagnosis, the 
scanty output in the sclerotic type helping with the hypertension to 
differentiate the condition from the degenerative and hemorrhagic, or, 
in the terms of Volhard and Fahr (1914), from the nephrotic and 
glomerular types of renal disease. 

Hematuria 

Gross hematuria has long been recognized as a common sign of 
acute, and microscopic hematuria as one of chronic, glomerular 
nephritis (Volhard and Fahr, 1914). Addis (1925) points out that of 
all the clinically observable abnormalities of glomerular nephritis, 
hematuria determined under standardized conditions, is the one which 
is most characteristic and of most assistance in differentiating the 
condition from the pure degenerative (nephrosis) and arteriosclerotic 
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types. In order to obtain as nearly as possible a quantitative measure 
of hematuria Addis puts his patients for 24 hours on a dry diet and 
centrifugates the urine passed during the last 12 hours. Thus a con¬ 
centrated urine is usually obtained in which the red cells do not dis¬ 
solve. The latter are counted in the sediment. In part of our cases 
Addis’ sediment counts have been made and are recorded in the case 
histories. Unfortunately most of the observations reported in this 
paper were made before Addis’ procedure was introduced into our 
clinic, '.rhc results shown, even by the less precise ordinary micro¬ 
scopic procedure, however, go far to confirm the importance that 
Addis attaches to hematuria as a diagnostic sign of hemorrhagic or 
glomerular nephritis. In the acute and terminal stages of the disease 
hematuria, macroscopic or readily dctectible by ordinary microscopic 
observation, has been constant. During the active chronic stage 
hematuria has usually been constant, sometimes intermittent, as 
determined by ordinary examination. Since the introduction of the 
Addis sediment count microscopic hematuria in excess of normal has 
been found to be practically constant in the active chronic stage. 
The one phase of the ^diemorrhagic” disease which is not hemorrhagic 
is encountered during improvement or recovery from the acute disease. 
The hematuria may completely disappear while there is still heavy 
proteinuria, albumin deficit in the plasma, and some tendency to 
edema. There follows then a period of some weeks or months during 
which such a case is indistinguishable, except for its history, from a 
pure nephrosis. With this exception it appears that some degree of 
hematuria is nearly constant throughout all stages of the condition 
which Volhard and Fahr call glomerular nephritis and Addis terms 
hemorrhagic Bright’s disease. That hematuria may also occur in the 
terminal collapse of what Volhard and Fahr term the malignant type 
of nephrosclerosis does not detract seriously from its value as a diagnos¬ 
tic characteristic. 

Anemia 

Brown and Roth (1922) have reviewed the literature concerning 
anemia in nephritis, and have presented data indicating that the 
anemia is due to injury of the bone marrow, which tissue shares in 
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the constitutional damage that is known to be suffered by the heart, 
retina, and blood vessels. Brown and Roth (1922, 1923) further pre¬ 
sented figures showing a definite prognostic significance of anemia in 
nephritis. In a group of 139 cases, those with no anemia showed in 
2.5 years 18 per cent mortality. Those with 60 to 85 per cent of 
normal hemoglobin content showed 46 per cent, and those with less 
than 60 per cent of normal hemoglobin showed 85 per cent. 

Blood Pressure 

Hypertension is the quantitatively measurable effect of circulatory 
change in nephritis. The literature up to 1913 has been summarized 
by Janeway (1912-13). The conclusions concerning the relation of 
hypertension to the different types of renal disease reached from his 
own observation by Janeway can still be quoted unamended. They 
are as follows. We have changed only the order, and prefixed to the 
conclusion concerning each condition the name given that condition 
in the terminology now used. 

1. Hemorrhagic nephritis {glomerular nephriis). “Hypertension may arise in 
connection with the unknown intoxication which causes disturbances in the central 

nervous system and which we call uremia.Clinically this intoxication 

is associated with severe acute nephritis, sometimes at its very onset, besides the 
subacute and chronic inflammatory affections of the kidney.” 

2. Arteriosclerotic nephritis {nephrosclerosis), “Hypertension may arise in 
primary irritability of the vasoconstricting mechanism from unknown, probably 
extrarenal, causes, which lead eventually to arteriolar sclerosis. In this type the 
disease of the kidney is the sequence, not the cause, of the generalized vascular 
lesion. When it progresses to a condition of extreme atrophy, resulting in the 
true primary contracted kidney, a renal element may be added to the existing 
hypertension.” 

According to Janeway’s conception the hypertension of hemorrhagic 
nephritis is a result of the renal disease, while that of arteriosclerotic 
type precedes the renal disease. In this conception Volhard and 
Fahr (1914) concur. Branch and Linder (1926) in autopsies of 7 
cases of typical terminal hemorrhagic nephritic deaths, preceded by 
periods of nitrogen retention and hypertension, found in one case no 
arterial changes. Their findings support Taneway’s conclusions. 
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Summary of Chief Significances of Data Charted 

The apparent significance of the different values we have charted 
may be summarized as follows. 

Blood urea clearance. Measure of intact glomeruli in hemorrhagic and degenera¬ 
tive cases, of renal circulation in arteriosclerotic cases. 

Hematuria. Sign of active inflammation in glomeruli. 

Hypertension. Sign of circulatory changes. When high and prolonged indi¬ 
cates anatomical changes in small arteries. 

Plasma protein deficit. | Signs of degenerative syndrome. Accompany de- 

Gross proteinuria. y generative renal changes, with or without glomerular 

Edema. ] damage. 

Anemia. One of the indications of toxic damage to organism. 

Edema, besides accompanying the degenerative syndrome, also occurs, as 
mentioned above, in the initial weeks of acute hemorrhagic nephritis, and in the 
cardiac failure that frequently forms part of the terminal failure. 

Uncharted Data 

Besides the data above listed, and recorded on the graphic charts, 
we have, either continuously or at stages during the ten years which 
these studies cover, made observations of most of the other signs and 
functional measurements which, according to the current literature, 
have given promise of throwing light on the conditions of the patients. 

As measures of renal function the concentration and dilution test 
was carried on for several years, and the phenolsulfonephthalcin excre¬ 
tion test of Rowntree and Geraghty (1910) has been carried out 
parallel with the blood urea clearance throughout the course of these 
studies. The concentration and dilution test is so subject to the 
influence of water retention and elimination by edematous patients, 
and to the influence of variations in the salt content of the diet, that 
it is less reliable than the blood urea clearance. The phthalein excre¬ 
tion, as stated above in the discussion of the blood urea clearance, 
has been found markedly less sensitive than the latter as an indicator 
of renal deficit. The phthalein showed one point of special interest; 
occasionally when an acute case, after suffering marked functional 
loss, began to improve, the phthalein would begin to rise some time 
before the blood urea clearance. We at first attempted to include 
the phthalein values in the charts, but under the necessity for con- 
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densation, and in view of the fact that except for the above point the 
phthalein shows less about renal function changes than does the 
clearance, we felt forced to eliminate the former. 

The blood urea content, when taken without relation to the urea 
excretion, may, as shown by Van Slyke, McIntosh, Miller, Hannon, 
and Johnston (1930), like the phthalein excretion, fail to show a defi¬ 
nite abnormality until the renal function, as measured by the blood 
urea clearance, has fallen to 20 per cent of normal. The same was 
found true of the blood creatinine content. For comparison with other 
data of the same sort in the literature some of the blood urea and 
creatinine values are given in the histories, but there was obviously 
no object in charting them. 

Plasma fats and cholesterol have been followed in a large proportion 
of our cases because of the concurrence of lipemia and hypercholes¬ 
terolemia with nephrosis. Plasma protein contents, however, are 
determinable by more accurate methods, and plasma protein deficit 
appears to be as closely related to the nephrotic syndrome, and more 
directly related to the edema, than the lipoids, hence we have not 
reported the latter. 

The ions of the plasma, K+, Na+, Cl'-HCO's, and H+, show varia¬ 
tions of great interest, especially in the terminal stage of renal failure, 
as shown by Austin, Peters, and their collaborators (Sunderman, 
Austin, and Camack, 1928; Bulger, Peters, Eisenmann, and Lee, 1926), 
and plasma electrolytes have been studied in our patients. However, 
the relationship of plasma electrolyte changes to renal failure and 
edema are less constant and definite than are the relationships of the 
urea excreting power and plasma albumin content, respectively, to 
these nephritic results. The interesting details of mineral metabolism 
have furthermore appeared incapable of treatment within the limits of 
the present monograph. 

The basal metabolism has been determined in nearly all cases, and 
some of the results are given in the abstracts of case histories. The 
basal metabolic rates were chiefly of use in guiding treatment with 
thyroid substance or thyroxin in the degenerative cases, in a minority 
of which such treatment appeared to give beneficial results in assisting 
the elimination of edema. 
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The Urine Sediment Count of Addis 

Counts of the formed elements in the sediment of the concentrated 
urine voide<^ during the last 12 hours of a 24 hour dry diet have been 
carried ou. by the method of Addis (1925) on patients admitted during 
the past 3 years. Since, however, they are lacking in the majority of 
cases, these counts arc not charted. In cases where they are available 
some of the counts are given in the case history abstracts. The nor¬ 
mal variations in the 12-hour output of the formed elements, according 
toanexaminationof 74 students by Addis (1926) are: casts, 0 to 4200; 
red cells, 0 to 425,000; white blood and epithelial cells, 32,000 to 
1,800,000. The normal casts are all of the hyaline variety, without 
any fat droplets. 


Plan of Presentation of Data 

In the following pages we shall, for each of the three main types of 
nephropathy, give an outline of the general course of the disease, 
followed by a discussion of the specific changes noted as illustrated in 
our charts, by a discussion of the anatomical changes found at autopsy, 
and finally by abstracts of the histories of the charted cases, together 
with individual autopsy reports. 

The introductory outline of the course of each disease is intended 
chiefly to identify, independently of the nomenclature used, the type 
of nephropathy concerning which specific data are presented in the 
subsequent section, and to indicate the nature of these data sufficiently 
to assist the reader in orienting himself with regard to them at the 
outset of their subsequent detailed discussion. The outlines are 
therefore brief, and in them we have made no attempt to review the 
literature or to present detailed clinical descriptions. These can be 
found in the works of Volhard and Fahr (1914) and Volhard (1918). 
The latter author is furthermore engaged in the preparation of a new 
monograph on the subject (personal communication), to which, perhaps 
the chemical, functional, and anatomical observations in our paper 
may serve as a useful supplement. 
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HEMORRHAGIC OR GLOMERULAR NEPHRITIS 

General Course of the Disease 

Addis has pictured the course of the disease by a diagram which, 
with slight changes,* is the following: 


Hemorrhagic nephritis 


Latent- 


Acut( 


^ T 
\ 


\ 


”1 

-> Healed 


\ 


1 


\ 


\ 


Chronic active- 


Terminal 

_J 


The more usual changes arc indicated by arrows with unbroken shafts. 
The dashed arrow indicating change from chronic active to latent 
stage represents a favorable outcome of the chronic active which is so 
rare that the writers have only once observed it. Addis, however, has 
seen it several times (personal communication). The reversed arrow 
leading backwards from the latent to the acute indicates an exacerba¬ 
tion occurring after progress towards healing has reached the latent 
stage. Less frequently, an exacerbation may cause a change from the 
latent to the chronic active stage. 

In the progress of the disease the different stages are, of course, 
not sharply marked off from one another. It is usually impossible to 

^ In Addis^ original paper (1925) the first stage of the disease was called “initiaF* 
instead of “acute.^^ However, the condition produced by an exacerbation of a 
latent case is frequently identical in symptoms and outcome with that of a fresh, 
acute case. The exacerbated case resembles the fresh one in hematuria, edema, 
relatively rapid variability, and chance of improving to the latent condition, a 
chance which, according to the writers^ experience, is almost nil in the chronic 
active stage. Since it would be inaccurate to call an exacerbated case ‘‘initiaV^ 
we have retained the term “acute’^ to cover both initial and exacerbated cases. 
Otherwise we have followed Addis. 

The authors have enjoyed the benefit of Addis* personal discussion and criticism 
of part of the following portions of this paper, and for this advantage are greatly 
in his debt. 
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EXPLANATION OF CHARTS 

For the hemoglobin values two scales are given. The scale to the left gives cubic 
centimeters of oxygen bound by the hemoglobin in 100 cc. of bloody the volumes per 
cent O 2 ” scale. The scale to the right gives per cetit of Ualdane's mean normal hemo¬ 
globin valuCf which is equivalent to an oxygen capacity of 18.5 volumes per cent O 2 . 

For the standard blood urea clearance^ C„ two scales are also given. The scale 
to the left shows cubic centimeter of blood cleared of urea per minute by the kidneys. 
The scale to the right shows the clearance values in per cent of the normal mean^ which 
is 54 cc. per minute {M^ller^ Meintoshy afid Van SlykCy 1928). 

The plasma protein scales are obvious. 

The blood pressures are given in 2 curveSy the upper representing systoliCy and the 
lower diastolic pressurCy in millimeters of mercury. 

For each of the above 4 values the mean normal is represented by a heavy base line. 
The shaded space hetwe&n this line and the broken line indicating observed values 
shows the deviation of the latter from the average normal. When the shaded area 
extends downwards from the base line the observed value is below the normal averagCy 
and vice versa. 

The vertical spaces which are left unshaded indicate periods during which no 
observations were madcy usually because the patient was out of the hospital. 

At the bottom of each chart are spaces indicating in a semi-quantitative way the 
amounts of edemay albuminuriay and hematuria. The black areas have the following 
significances. 


HEIGHT OF 
BLACK AREA IN 
FIFTHS OF 
TOTAL SPACE 

EDEICA 

PROTEINURIA 
PER 24 HOURS 

HEHATURIA 

1 

Trace 

grams 

Under 1 

Slight microscopic 

2 

Moderate pitting 

1 to 4 

Marked microscopic 

3 

Marked pitting edema 

Up to 10 

Slight macroscopic 

4 I 

General edema with ascites 

Over 10 

Marked macroscopic 


In each case for which autopsy data are presented with the case historyy ^^Aut^' is 
marked near the right hand margin of the chart. 

At the bottom of each chart the number at the left nearest ^^months^* indicates the 
number of months the disease was noted before the patient entered the hospital. The 
other numbers in the bottom row indicate months after first admission. 

Charts of cases 1 to 50 inclusive. 













































Charts 7-12 






































Charts 13-17 
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Chasts 23-26 
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Charts 31-34 













































Charts 35-41 










































Charts 42-50 
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state that within a certain week the acute stage changed definitely 
to the latent, or passed into the chronic active. Likewise the bound¬ 
ary between the chronic active and terminal stages is broad and 
hazy. The transition periods, during which the disease is passing from 
a condition frankly belonging to one stage to that belonging clearly to 
the next may cover weeks, or even months. Nevertheless the disease 
in its progress does pass through periods clinically so different that they 
have at times been defined as different entities, and the convenience 
of using concise characteristic names to define these stages appears to 
justify a differentiating nomenclature. 

Acute Hemorrhagic Nephritis {Cases 1 to 23) 

The acute stage with its sudden onset is familiar. It is marked 
regularly by hematuria, proteinuria, and edema, while diminution of 
renal function, hypertension, plasma protein deficit, and some anemia 
are frequent. Opinion seems to be coming to a general agreement that 
the cause is nearly always some type of streptococcus infection (Vol- 
hard and Fahr, 1914; Addis, 1925; Longcope and collaborators, 1927). 

From the severity or the mildness of any of these symptoms, except 
plasma albumin deficit, during the first weeks of the acute stage it is, 
according to our data, impossible to predict whether the outcome is 
likely to be favorable or unfavorable. 

The acute stage may have any one of four outcomes. (1) The 
patient may completely recover, without any detectible sign of the 
disease remaining (cases 1 to 5). (2) He may improve and become 
free from subjective symptoms of the disease, but retain some albumi¬ 
nuria, hematuria, or diminution in renal function, the disease becoming 
latent (cases 6 to 16). (3) The disease may progress into the active 
chronic form, almost always with subsequent more or less gradual 
progress to the terminal stage (cases 17,18 and 20). (4) The disease 
may hasten in a few weeks directly from the acute to the terminal 
stage, and in a few months terminate in uremia (cases 21, 22 and 23). 

The duration of the acute stage, in our cases which recovered or 
improved to the latent state, varied from 4 to 15 months. Noticeable 
improvement began within 4 months, in all cases that were not destined 
to pass into the chronic or terminal stages. In the cases which re¬ 
covered most slowly (nos. 13 and 16) the last subjective symptom to 
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disappear was the tendency to edema formation. The last clinical 
sign to disappear was usually the proteinuria, which frequently 
persisted for months after the patients were subjectively well, and 
after hematuria could no longer be detected by ordinary microscopic 
examination (cases 3, 6, 7, 9, 13, 15 and 16). Sometimes, however, 
microscopic hematuria has been noted as the most persistent sign. 

Latent Hemorrhagic Nephritis {Cases 6 to 16, 23a, 24 and 31) 

After the acute stage has lasted for a period of 2 to 4 months, unless 
the patient is fated to pass into the chronic or terminal condition, he 
begins to improve, and makes either a complete recovery, or a partial 
one to the latent condition, in which he is subjectively well, but in 
which more or less albuminuria, or slight hematuria, or a subnormal 
blood urea clearance, indicates that renal conditions are not quite 
restored to normal. Usually the blood pressure is now normal, but 
in an occasional case some h)q)ertension may remain (case 12). In 
some cases the nephropathic signs eventually disappear, and recovery 
is apparently complete (case 10). Other cases may remain in the 
latent state for years, and eventually, sometimes as the result of an 
exacerbation due to infection (Addis, 1928), at other times for no 
tangible reason, may resume progress towards renal failure, and termi¬ 
nate in uremia. In cases 23a and 24 a slow fall in blood urea clearance 
‘ set in after latent periods of 4 and 7 years respectively, and has already 
led to uremic death in case 24. 

Rarely a patient reaches a latent condition as the result of arrested 
progress after the disease has reached the active chronic stage, suffi¬ 
cient renal function being maintained to permit ordinary activities. 
The only such case in our series is no. 31. The usual case which enters 
the active chronic stage passes more or less steadily downwards to the 
terminal. 

Active Chronic Hemorrhagic Nephritis {Cases 17, 18, 20 and 25 to 37) 

This corresponds in most cases to Volhard and Fahr’s nephrotic 
type of glomerulonephritis, and to hemorrhagic chronic parenchyma¬ 
tous nephritis in the older American terminology. 

For use in this paper we define the condition as hemorrhagic nephri- 
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tis that has become chronic, with diminished urea excreting power and 
signs of active progress, but with blood urea clearance still above 20 
per cent of normal. (For reasons stated below, we classify chronic 
cases with lower clearances as terminal.) 

Within a period that in our cases does not exceed 4 months from the 
acute hemorrhagic onset, unless improvement begins the disease enters 
either the terminal stage, or more frequently what Addis (1925) calls 
the active chronic stage. The subject remains ill, malnourished, and 
unless under strict regime, usually edematous. Hematuria continues, 
but sometimes at so diminished an intensity that the red cells are 
detectible only microscopically by Addis' (1925, 1928) special method 
of examining by quantitative count the sediment of urine passed during 
the last 12 hours of a 21 hour dry diet. From whatever level it has 
emerged from the acute stage of the disease, the renal function, as 
measured by the blood urea clearance, maintains a progress which, 
observed over periods of months, usually tends steadily downwards. 
At best it may remain stationary for some months. In this stage 
improvement to the latent condition may occur, but such improvement 
is rare. Addis (personal communication) states that he has seen a 
few cases. In our series there is but one, no. 31. 

The active chronic stage is usually accompanied by all the signs, 
described later, of degenerative renal disease, marked proteinuria, low 
plasma albumin and total protein content, high plasma fat and choles¬ 
terol contents, tendency to edema formation, and by the occurrence 
(Addis, 1925), from degenerated tubules, of epithelial cells and casts in 
the urine. The relationship between edema and plasma albumin 
deficit is that quoted above in the discussion of the significance of 
plasma protein content, and is the same as in nephrosis. 

The differential diagnosis between this stage of hemorrhagic nephri¬ 
tis and the pure non-hemorrhagic degenerative Bright's disease 
(nephrosis) is not always easy. The active chronic stage of hemor¬ 
rhagic nephritis, because of its preponderating degenerative clement 
usually has every sign and metabolic abnormality of nephrosis. Both 
conditions, as Addis points out (1928) represent degenerative renal 
disease, the difference being that the hemorrhagic type has an addi¬ 
tional pathological factor. This factor has been shown by Volhard 
and Fahr to be glomerular inflammation. The symptoms that have 
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been used to distinguish the hemorrhagic (or glomerular) disease from 
pure nephrosis have been the presence of hypertension and nitrogen 
retention (Volhard and Fahr) and of hematuria (Addis). Hyperten¬ 
sion, however, is absent in some cases of chVonic hemorrhagic nephritis. 
Nitrogen retention in the chronic active hemorrhagic disease may be 
only relative and capable of detection when blood and urine urea 
contents are compared by means of the blood urea clearance determina¬ 
tion. Also, nitrogen retention sometimes occurs in the later stages 
of pure degenerative renal disease, as will be shown later. Microscopic 
hematuria, usually constant in the hemorrhagic disease, sometimes 
intermittent, appears to be the most consistent single differential sign. 
After hematuria, hypertension appears to be the most valuable diag¬ 
nostic sign. If present it may generally be accepted as ruling out 
nephrosis. The history often helps. History of an acute onset with 
hematuria is sufficient to indicate that the observed condition is a 
phase of the hemorrhagic or glomerular disease. 

The justification for separating degenerative cases into hemorrhagic 
and non-hemorrhagic lies in the different prognoses. The hemorrhagic 
degenerative disease, once become chronic, almost regularly runs into 
the terminal stage described below, and uremia. The pure non- 
hemorrhagic degenerative disease may likewise lead to uremia, but it 
is more likely to continue without renal failure, and to terminate 
either by recovery or (more frequently in our experience) by death from 
intercurrent infection, either streptococcus or pneumococcus. 

Chronologically the active chronic stage of hemorrhagic nephritis 
is intermediate between the acute and terminal stages, and usually 
covers a period of from 6 months to 2 years. Death usually occurs in 
less than 3 years after the active chronic stage is reached. We have 
had, however, 2 cases (nos. 21 and 31) out of 20 survive for 5 yeajrs. 

Some rapidly progressing cases pass so quickly from acute to ter¬ 
minal that there is no intermediate stage (e.g., cases 19 and 21 of 
our series). 

Terminal Hemorrhagic Nephritis {Cases 19 to 24 and 27 to 50) 

With the progress of the disease the picture eventually changes from 
that outlined above for the active chronic stage, and assumes that of 
the terminal. Renal function, measured by the blood urea clearance, 
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becomes stabilized at a lower level, and no longer shows occasional 
upward fluctuations. Henceforth it moves but little except for its 
gradual or rapid decline. The signs of degenerative disease, viz., 
non-cardiac edema, albuminuria, epithelial casts and cells in urinary 
sediment, low plasma albumin content, may continue undiminished 
to the uremic end, but they usually diminish and often disappear. 
The picture of the uremic syndrome tends to replace that of^^wet nephritis, 
Since the general change appears to come when the blood urea clearance 
has settled steadily below 20 per cent of normal^ we have used that point 
as an arbitrary boundary bekveen the active chronic and terminal stages. 

With the rise of plasma albumin which frequently occurs during 
progress into the terminal stage, the tendency to edema diminishes; 
when the albumin content exceeds 2.5 per cent the tendency to edema 
may nearly or quite disappear. At such a time the patient, because 
rid of the annoyance of the edema, is likely to feel subjectively im¬ 
proved. The renal function, even though it has fallen to 20 per cent 
of normal, may still be adequate to maintain freedom from toxic 
retention symptoms. In fact the urea and creatinine contents of the 
blood may remain for some time but little above the upper normal 
limits (Van Slyke, McIntosh, Miller, Hannon, and Johnston, 1930). 
This period constitutes the pre-uremic interval of the terminal stage. 
It may last as long as 2 years (cases 27 and 29). 

When the renal function docs change, however, it falls, often rapidly. 
Gross retention of urea, creatinine, and phosphoric acid emsues and 
uremia sets in, unless the latter is preceded by cardiac failure. 

The duration of the disease, from the time when the blood urea 
clearance sank permanently below 20 per cent of normal, in the 
majority of our cases in which we could measure the interval, has been 
less than 1 year (nos. 20, 21, 22, 23, 24, 31, 32, 35, 36 and 37). In a 
minority it has been between one and two years (nos. 27, 29, 34, 44 
and 46), and in only two has it exceeded two years (nos. 19 and 38). 

CLINICAL OBSERVATIONS IN CASES OF HEMORRHAGIC NEPHRITIS (CASES 

1 TO 50) 

Urea Excreting Power in Hemorrhagic Nephritis 

Of the 23 cases observed in the acute period all except nos. 3, 6,18 
and 20 showed during the first two months after onset a fall of the 
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blood urea clearance to 50 per cent or less of normal. Remembering 
that the cases are ranked in order according to the gravity of their 
outcome, we can not conclude that maintenance of normal renal func¬ 
tion during the first months of the acute stage justifies either a good 
or bad prognosis. Cases 3, 6, 18 and 20 maintained normal function 
during the acute stage. Of these, case 3 made an apparently complete 
recovery, 6 improved to the latent stage, with prospects for recovery, 
while 18 and 20 steadily progressed into the chronic condition, with 
increasing loss of function; case 20 has already died in uremia and 
there is no ground to hope better for 18. 

Nor does it appear that we can attach prognostic significance to the 
degree of functional impairment shown during the first two months. 
In case 4 within two weeks of onset the clearance fell to 10 per cent of 
normal, yet an apparently complete recovery was made. In case 9 
the clearance two and one-half months after onset fell to 4 per cent, 
with uremic symptoms, and was followed by recovery to at least as 
far as the latent condition. 

llie essential for a good prognosis is that within 4 inonths after the 
acute onset the clearance^ if it has fallen, shall have begun a consistent 
climb back towards a normal lex^el. In all of our cases that have re¬ 
covered or improved to the latent condition the clearance has either 
remained normal or has begun to rise within this time. 

The functional recovery is not always complete. In cases 9 and 11 
recovery was subjectively so complete that the patients left the hospi¬ 
tal although their clearances had reached only 50 to 60 per cent of 
average normal. Considering that an occasional healthy person 
may show clearances as low as 70 per cent of the average, however, 50 
to 60 per cent indicates a satisfactory function if maintained. We 
have not had an opportunity to observe a latent case with such func¬ 
tion long enough to ascertain whether the partial functional deficit 
was permanent, but Addis (personal communication) has seen cases in 
which it was so, the patients remaining stabilized, subjectively well, 
with only part of normal function. In such cases it appears probable 
that some of the glomerular damage of the acute stage has become 
permanent, but that a large proportion of the glomeruli have recovered, 
and that they may remain intact for considerable, perhaps indefinite, 
periods. 
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In all cases in which marked fall of blood urea clearance occurred 
during the initial months^ and no definite tendency to rise followed within 
four months after onset, progress downwards to the active chronic or 
terminal stage followed (cases 18 to 23). In one case (17) such progress 
occurred even after a temporary return of the clearance to the normal 
range. In this case there was continuous active infection, necessitat¬ 
ing two operations, one for mastoiditis and one for the removal of 
adenoids. 

In the chronic active period of hemorrhagic nephritis the blood urea 
clearances in our cases (nos. 17 to 37) tell a single melancholy tale. 
The function changes arc ultimately all for the worse. There may be 
periods of several months or even more than a year when progress is 
arrested. In case 31 alone was the stay sufficiently prolonged and 
definite to constitute an obviously latent period in the disease. This 
case, a boy of 6, some months after tonsillectomy was subjectively 
and clinically so improved that he was discharged, although his urea 
clearance was only 25 per cent of normal. During the next four years 
he lived a fairly normal life, and his clearance rose to 40 per cent nor¬ 
mal. Then, however, it fell in some months to 10 per cent and uremia 
followed shortly. In all our other cases the disease has shown much 
shorter hesitations in its march towards terminal uremia. 

In the terminal stage, with renal function less than 20 per cent nor¬ 
mal there is only one outcome: this is uremia, unless cxitus is hastened 
by cardiac failure or other intercurrent cause. The time in which the 
end is reached, however, varies greatly. Thus cases 22 and 23 plunged 
directly from acute nephritis into the terminal stage and reached 
uremia in 5 and 3 months after the acute onset. On the other hand 
case 29 lived for two years in the terminal stage and when last seen was 
still capable of carrying on his work as a waiter, although during the 
two year period his clearance gradually shrank from 20 per cent of 
normal to 10. He exemplifies the fact that one can maintain bodily 
activity with 10 per cent of normal urea excreting power, so long as other 
complications, in particular the degenerative syndrome, are not 
present in addition to the glomerular loss. 

When, howes)er, the blood urea clearance falls to 5 per cent of normal 
uremia appears to be inevitable^ 1 
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Hematuria in Hemorrhagic Nephritis 

Every case admitted during the first weeks of the acute stage showed 
hematuria, in most cases macroscopic. (Case 16 admitted 7 months 
after onset with only an occasional trace of microscopic hematuria had 
also a history of bloody urine at onset.) The degree of initial hematuria 
appeared to have no relation to the prognosis. Of the first four cases, 
which showed apparently complete recovery under observation, 3 
had gross macroscopic hematuria. Nor does the period of persistence 
of hematuria appear to have any close relationship to the outcome. 
In the first three cases, those who most quickly recovered, it is true 
that hematuria disappeared in two to four months. A similar dis¬ 
appearance, however, occurred in cases 18 and 20, which went down 
into the active chronic and eventually the terminal stage. These 
latter cases showed recurrences of slight microscopic hematuria, and 
probably by the Addis sediment count would have shown a persistent 
quantitatively abnormal output of red cells. Nevertheless the hema¬ 
turia assuredly subsided quickly to a slight one while the disease 
continued its progress at a fairly rapid rate towards a fatal conclusion. 

Of the cases observed to improve to the latent condition (nos. 6 to 16) 
hematuria was observed to disappear during the periods of observation 
(4 to 34 months from acute onset) only in 5 of the 11. In all of the 
others it fell to microscopic proportions except in no. 11, who was 
observed for only four months, and in this case hematuria was de¬ 
creasing. 

Because of the fact that during improvement to the latent condition 
hematuria and hypertension frequently disappear before albuminuria, 
plasma protein deficit, and the tendency to edema show much improve¬ 
ment, one can easily make the error of diagnosing such a case as 
nephrosis, unless the history of initial hematuria is known. Cases. 13 
and 16 were for several months distinguishable from pure nephrosis 
only by the fact that they had histories of initial hematuria. 

In the active chronic stage of hemorrhagic nephritis again the degree 
of hematuria appears to hear no relation to the severity or rate of progress 
of the disease. Case 17 showed the heaviest hematuria of any in this 
stage, but the progress of his disease, as shown by his clinical condition 
and blood urea clearance, was not unusually rapid. Case 20 after the 
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twentieth month of observation began to suffer a rapid decrease in 
clearance leading five months later to death in uremia. Yet during 
this period of rapid downward progress there was no hematuria 
detectiblc by ordinary microscopic examination. Case 20 was in fact 
for some time after admission considered to be probably a nephrosis. 
The occasional occurrence of microscopic hematuria, the development 
of a marked fall in urea clearance, and then of an increase in blood 
pressure, however, eventually led us to conclude that it was probably 
a case of hemorrhagic nephritis in which for the time the degenerative 
element dominated the picture, a conclusion which was confirmed by 
autopsy. 

In the terminal siaf'c microscopic hematuria was present in all cases, 
and determinable by ordinary examination. It was sometimes 
marked but usually slight, and bore no relation to the rate of progress 
of the clinical symptoms or the functional fall indicated by the blood 
urea clearance. 

In our cases therefore hematuria was constant and usually gross in 
the acute stage, and constant but microscopic in the terminal. During 
the intermediate chronic active stage, and during improvement from 
the acute stage, hematuria may disappear, or at least become so slight 
that ordinary microscopic examination, without Addis’ (1925) special 
precautions, fails to reveal it. Cases in which hematuria thus disap¬ 
pears may be for a time indistinguishable from non-hemorrhagic degenera¬ 
tive Bright’s disease {nephrosis) in every respect except their histories of 
acute hemorrhagic onset. 

Blood Pressure in Hemorrhagic Nephritis 

Acute and latent stages. Of the 16 acute cases which recovered or 
improved to the latent condition (nos. 1 to 16) all except three, nos. 
6, 10 and 11 showed at onset some hypertension (no. 5 showed only 
130 mm. systolic but this is excessive for a three year old child). It is 
quite possible that nos. 6 and 10 may have had initial hypertension 
which disappeared by the time of admission, since the latter occurred 
six and four weeks after onset, respectively. No. 11, however, was 
admitted a week after onset with normal pressure. Of the 15 acute 
cases with favorable outcom'e on which we have early data, 13 there- 
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fore showed some elevation of blood pressure. Usually systolic and 
diastolic were elevated by similar heights. The systolic level reached 
was generally between 150 and 170 mm., but in no. 9 it approached 200. 

The duration of the hypertension in these favorable cases was usually 
four to six weeks from the acute onset. In two cases, nos. 1 and 12, 
however, the pressure did not return permanently to normal, normal 
blood urea clearance being nevertheless thus far maintained. (Note: 
Patient No. 1 has since been examined, 2 years after the last observa¬ 
tion noted on his chart, and his blood pressure has been found en¬ 
tirely normal, 118 systolic and 80 diastolic.) 

Of the four cases, nos. 17 to 21, which passed during observation 
from acute into active chronic, three showed during the acute stage 
normal blood pressures, which in no. 18 persisted through the active 
chronic stage for at least a year, during which the renal function 
showed a steadily downward progress. 

One can not ascribe any prognostic value to the initial blood pres¬ 
sure level observed during the first weeks of acute hemorrhagic nephri¬ 
tis. A case which shows little or no initial hypertension appears 
likely to pass into the chronic state as well as the one that does show 
hypertension in the acute stage; likewise recovery may occur in either 
case. 

Two cases (nos. 12 and 15) showed for periods of 2 or 3 months defi¬ 
nite hypotension, 90 to 100 mm. systolic and 40 to 60 diastolic. No. 
12, a 7 year old girl, later developed a hypertension (systolic up to 200 
mm.), thus far with normal urea excreting power maintained. 

In the active chronic stage (cases 17, 18, 20 and 25 to 31), of ten 
cases, three showed no hypertension, while the other seven showed 
slight blood pressure increases, mostly in the neighborhood of 150 mm. 
systolic. 

Of the 21 cases (19 to 50 inclusive, except 25) observed in the termi¬ 
nal state of hemorrhagic nephritis 13 showed blood pressures definitely 
above 150 mm. systolic, while eight did not (nos. 22, 23, 27, 28, 33, 35, 
43 and 46). Most of these did show slight hypertensions, in the 
neighborhood of 150 systolic, but cases 33, 43 and 46 reached uremic 
deaths without blood pressures that could be called definitely abnormal 
at all. 
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Of the cases (nos. 38,41 and 47) that showed systolic blood pressures 
over 200 mm. and came to autopsy, all showed marked arteriolar 
sclerosis in the kidneys. 

Branch and Linder (1926) reported autopsies on 7 cases dying in 
uremia, with blood pressures regularly over 160/110 except during 
final collapse. In six of the seven arteriolar sclerosis was present. 

According to the results of Branch and Linder (1926) and our own, 
permanent marked hypertension developing during chronic hemor¬ 
rhagic nephritis usually indicates the addition of an arteriosclerotic 
element to the pathology of the disease. So far as can be judged by 
comparison of clearance changes in hemorrhagic cases with and without 
marked hypertension, however, the rate of renal destruction docs not 
seem to progress significantly faster in the former than in the latter. 
Hypertension does indeed add its symptoms to the clinical picture, 
but uremia does not appear to come on much, if any, more rapidly 
than in cases without hypertension. Thus case 46, without hyper¬ 
tension or any other sign of circulatory disturbance, reached a fatal 
uremia in a year after his clearance was found between 10 and 20 per 
cent of normal; while case 38, with marked hypertension and renal 
arteriosclerosis (found at autopsy), lived for two years after her 
clearance was found at the same level. 

From the above data the following conclusions appear derivable. 

Hypertension occurs in most, but not all, cases with active hemor¬ 
rhagic (glomerular) nephritis, acute or chronic. 

In the inactive, latent cases hypertension is usually, but not always, 
absent. 

In the terminal stage a marked rise of blood pressure occurs in many 
cases (e.g., nos. 24, 30, 31, 32, 36, 37, 40, 48 and 49) a few months 
before uremic death. Terminal cases which do not show such a change 
in blood pressure likewise have a bad immediate prognosis, however. 

A marked fall in blood pressure is not uncommon in the last weeks 
or days of terminal nephritis in cases that have previously had hyper¬ 
tension (cases 24, 35, 39, 42 and 50). Such a fall is presumably a 
sign of heart failure. 

Hemorrhagic nephritis can in exceptional cases run its entire course 
from acute onset to final uremia without definite hypertension. Our 
data on this point confirm those of Bannick (1927). 
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At no stage in nephritis primarily of the hemorrhagic t 3 rpe does 
blood pressure have definite prognostic significance concerning the fate 
of renal function or the rapidity of approach of uremia. 

The definite significance that does attadi to hypertension is that it 
marks the type of case in which death may occur from circulatory 
failure before renal failure has reached a lethal degree, or in which 
death may occur from a combination of cardiac and renal failure, as 
in cases 41 and 47. 

Plasma Protein Content in Hemorrhagic Nephritis 

In some acute cases the plasma proteins are practically unaffected. 
Such a condition appears to augur a good prognosis. Of our 23 acute 
cases the four which showed no fall in plasma proteins, nos. 1,5,8 and 
11, all either recovered or improved to the latent stage. 

Of the 23 acute cases, 16 maintained plasma albumin contents 
above 2.2 per cent. Fourteen of these 16 (nos. 1 to 14) either recovered 
or improved to the latent condition. Only nos. 19 and 21 failed to 
do so. 

In seven cases the plasma albiunin fell definitely below 2.2 per cent. 
Of these cases, 5, all except nos. 15 and 16, progressed into the active 
chronic stage, and nos. 15 and 16 appeared the least promising of those 
that improved to the latent stage. 

. If we draw the line for total proteins at 5.5 per cent the division is 
nearly the same, but not quite so sharp. 

Unlike the urea excreting power and degree of hematuria, therefore, 
plasma protein content appears to be of decided prognostic significance 
during the acute state of hemorrhagic nephritis. Acute hemorrhagic 
cases that maintain plasma albumin above 2.2 per cent, or total protein 
above 5.5, have a better prognosis than those that do not. Of our cases in 
the group with over 2.2 per cent albumin only 13 per cent developed 
into progressing chronic or terminal nephritis, while of our cases in 
the group with less albumin 72 per cent so developed. 

Cases 6 to 16 were observed during improvement from the acute to the 
latent stage. It appears that during the latent condition there is no 
tendency for plasma albumin deficit to develop, and that if plasma 
protein deficit has been retained from the acute stage slow rise of pro- 
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tein content to normal occurs. Such a rise is observed in cases 10,13 
and 16. From the time of acute onset until the plasma protein con¬ 
tents could be considered within the normal range, required 9,17 and 
20 months respectively in these three patients. 

It appears probable that most cases in the active chronic stage develop 
from those which already have plasma albumin deficit during the 
preceding acute stage, and that the deficit developed in the acute 
stage is maintained in the active chronic. Examples are seen in cases 
17,18 and 20, which we were able to observe during passage from acute 
to active chronic. 

All of the 16 active chronic cases in which plasma proteins were 
determined (nos. 17,18,20,25 to 30 and 32 to 37) show plasma albumin 
deficits. In two cases (nos. 32 and 37) the albumin content fell only 
to about 3 per cent, but in the other 14 it was below the 2.5 per cent 
which appears to be the critical level for the appearance of the tend¬ 
ency to edema formation. The deficit in total protein, as in the 
acute stage, roughly parallels in most cases that in albumin, indicating 
that the globulin content is relatively unaffected. In case 25, how¬ 
ever, the globulin content is also unusually low, causing a greater deficit 
in total protein than in albumin, while in case 20 the reverse occurs, 
the globulin being increased to nearly 4 per cent. 

In case 31, which was admitted during the chronic active stage, 
there were unfortunately no plasma protein determinations done until 
two years later, when the case had become latent. This case was 
admitted during the earlier years of the work, before plasma protein 
determinations were routinely performed. From the massive edema 
and heavy proteinuria observed at admission, it appears probable that 
the usual plasma albumin deficit existed. 

It appears evident that a low plasma albumin content, usually below 
the 2.5 per cent level at which albumin deficit begins to produce edema, is 
the rule in the active chronic stage of hemorrhagic nephritis. 

As the active chronic stage passes into the terminal hemorrhagic 
there is a marked tendency for the plasma proteins to rise towards 
normal (cases 26, 27, 28, 29,30, 32,33, 35, 36 and 37). In about half 
the terminal cases in our series (see nos. 19 to 49) the plasma proteins, 
both total and albumin, reached normal limits before death occurred. 
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Proteinuria in Hemorrhagic Nephritis 

In acute hemorrhagic nephritis the degree of initial proteinuria appears 
to have no prognostic significance. Of the 23 acute cases, the 3 which 
showed minimal proteinuria (nos. 1, 7 and 8) all improved; but like¬ 
wise did the 3 (nos. 11,13 and 15) who showed maximal proteinuria of 
more than 10 grams per 24 hours. Of the cases with intermediate 
degrees of protein output some recovered and some progressed. 

The duration of the proteinuria in the cases which completely 
recovered (nos. 1 to 5) was from 2 weeks to 5 months. 

In all the acute cases which improved to the latent stage (nos. 6 to 16) 
proteinuria persisted, but showed a marked diminution from the 
initial output. 

In the 3 cases that passed while under observation from the acute 
into the active chronic stage (nos. 17, 18 and 20) there was no marked 
change in the proteinuria. In general the protein excretion in the 
active chronic stage is from 2 to 15 grams per day. Occasionally a 
single case will fluctuate over nearly this entire range within a month 
(data not shown on charts), but the protein content of the urine never 
decreases to the trace that is seen in arteriosclerotic and a few terminal 
hemorrhagic cases. 

Terminal stage. In the 3 cases that we have seen pass directly from 
the acute into the terminal stage (nos. 19, 21 and 22) there has been 
no significant change in the protein output. 

Likewise in the majority of cases passing from the chronic active 
into the terminal stage the protein excretion continues about the 
same (nos. 17, 20, 24, 25, 27, 31, 32, 33, 35, 36 and 37). However, 
in a considerable minority there is a decrease in protein output (nos. 
26, 28, 29, 30, 39 and 44). In about one case out of five (nos. 23, 39, 
41 and 42) the urinary protein sinks to a trace during the final period. 

Edema in Hemorrhagic Nephritis 

Acute stage. In the introductory discussion of the significance of 
plasma protein concentration and edema the relationship of the two 
has already been presented, together with the fact that an exception 
to this relationship occurs in the initial period of acute hemorrhagic 
nephritis, where temporary edema occurs even in cases that do not show 
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sufficient deficit of albumin in the plasma to produce of itself edema. 
Cases 1 to 9 all show this type of edema, with plasma albumin above 
2.5 grams per 100 cc. of plasma. In cases 5 and 8 the plasma proteins 
were at full normal concentration. It is evident that the initial 
edema of acute nephritis is attributable in part, and in some cases 
entirely, to some factor of this frequently toxic period other than lack 
of plasma albumin. 

Such initial edema unaccompanied by plasma albumin deficit ap¬ 
pears to be temporary. In all the above cases it disappeared within 
two months of the onset of the disease, and in case 5 within two weeks. 

In cases 10, 12, 13, 14 and 16, edema disappeared at the same time 
that the plasma albumin showed definite increase. The increase is 
frequently not very marked on the charts, partly because of the small 
scale of the latter, partly because a relatively slight increase in the 
neighborhood of the critical level (albumin about 2.5 per cent) has a 
great effect in diminishing the tendency to store fluid. 

Cases 18 and 22 exemplify persistent edema combined with con¬ 
tinued plasma protein deficit. Salt restriction and other therapy were 
unsuccessful in overcoming the retention. 

In cases 17 and 20 edema disappeared under treatment despite 
continued plasma protein deficit. It recurred at times, however, for 
no apparent reason, despite continual salt restriction. The tendency 
to edema was obviously present and fairly intense. 

Latent stage. In all our latent cases (nos. 6 to 16 inclusive and 24) 
edema was absent, and plasma proteins were above the critical levels. 

Chronic active stage. In this condition the tendency to edema is 
ordinarily one of the most outstanding characteristics, although a 
small minority of cases do not show it. Out of 17 chronic active 
patients in our charts 14 showed plasma albumin below 2.5 per cent. 
These were all either edematous, or potentially edematous and free 
from fluid retention only under the influence of salt restriction, some¬ 
times reenforced by other treatment, such as daily urea administration. 
The correspondence between edematous tendency and plasma albumin 
deficit in this class of cases is practically uniform. 

In treated cases with plasma proteins below the critical levels 
edema may or may not disappear. It appears to depend partly 
upon how low the plasma albumin sinks, partly upon other factors. 
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Case 25 presents an interesting example of a patic... ..r continuous 

and practically uniform treatment, with plasma albumin somewhat 
below the critical level, who was obviously on the verge of edema, 
which came and went repeatedly in the course of vera^ months. 
When admitted he had edema of the face, and pitting edt a of the 
legs and sacrum; no ascites. This edema disappeared quickly under 
treatment. Three months after admission 3 grams of salt were added 
to the hitherto salt-free diet, and edema of the same sort recurred. 
The salt was removed, and the edema disappeared. Three months 
later a tonsillectomy was performed. During the month following 
the operation edema gradually developed, and then quickly went 
away. Two months later it was present again, this time without any 
obvious reason. 

In terminal hemorrhagic nephritiSy as shown above, plasma albumin 
deficit is much less common than in the active chronic stage of the 
disease, and edema is correspondingly less frequent. Of our thirty 
cases observed during the terminal stage (nos. 19 to 24 and 27 to 50) 
only 10 showed marked edema. Of these but 3 (nos. 22, 35 and 46) 
were attributable to plasma protein deficit. Four were associated with 
cardiac failure (nos. 19,36, 38 and 41), and it was probably an element 
in 20 and 42. The remaining case, no. 33, was complicated by strepto¬ 
coccus septicemia at death: his plasma proteins were at this time 
normal. It appears that in the terminal stage edema^ when it occurs, 
may be due either to cardiac failure or to plasma protein deficit. In our 
series the number apparently due to cardiac failure was greater. 

Anemia in Hemorrhagic Nephritis 

In the acute stage there is a considerable degree of correlation be¬ 
tween the anemia and the degree of fall in renal function indicated by 
the blood urea clearance. The most marked anemias were shown 
by cases 4, 10, 11,12,14 and 19, in which the hemoglobin fell to 45 to 75 
per cent of Haldane’s normal average and the urea clearance fell to 
5 to 25 per cent of average normal. However, blood urea clearance in 
case 9 fell to 4 per cent of normal and uremic symptoms became severe, 
without fall of hemoglobin below 80 per cent, and in case 8 the clear¬ 
ance fell to 30 to 40 per cent with maintenance of a perfectly normal 
hemoglobin content. A good hemoglobin value in acute nephritis 
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does not therefore by any means indicate a well mamtained renal 
function. In prognosis the temporary anemia of the acute stage is of no 
more significance than the temporary fall in blood urea clearance, which 
has already been discussed. And the absence of anemia is likewise 
no guarantee of a mild course or favorable outcome. 

In the acute cases which showed anemia but later improved or 
recovered, the minimum hemoglobin content occurred two to four 
months after the acute onset. 

In the latent stage (cases 6 to 16 and 24) anemia is absent or slight. 

In the active chronic stage (see cases 16 to 37), as in the acute, anemia 
is accompanied by a decreased blood urea clearance, the value of the 
clearance, expressed in per cent of normal, being usually a half to a 
third of the hemoglobin expressed in the same way. Again, as in the 
acute stage, the reverse does not hold; there may be low blood urea 
clearance with little or no anemia. In almost every active chronic 
case periods are seen when the clearance was below 40 per cent normal 
while the hemoglobin was above 80 per cent. 

With prolonged duration of low renal function the hemoglobin often 
shows a later and much slower fall than the clearance. Case 32 illus¬ 
trates such an occurrence. The disease had apparently been latent 
or slowly progressing, and at the first examination the clearance was 
70 per cent of normal, almost within the normal minimum, and hemo¬ 
globin was 105 per cent. During 18 months the clearance fell steadily 
to 28 per cent of normal, while the hemoglobin remained at 105 to 110 
per cent. However, during the terminal six months following, when 
the clearance fell to almost zero and uremia developed, the hemoglobin 
fell progressively to 50 per cent. 

In the terminal stage of hemorrhagic nephritis anemia is practically 
always present. When uremia is reached the oxygen capacity in our 
terminal cases had usually fallen to between 6 and 12 volumes per cent 
(32 to 64 per cent of Haldane’s normal average). In case 43 the 
oxygen capacity fell rapidly during the final weeks and was down to 
3 volumes per cent at death. On the other hand, case 49, after being 
for six months either on the verge of uremia or in it, died with but a 
relatively slight anemia of 14.5 volumes per cent oxygen capacity, 78 
per cent of Haldane’s normal, average. 
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In summary, one can say that in chronic nei ■ e oxygen ca¬ 
pacity of the blood seldom falls below 15 volume without the 

concurrence of a marked deficit in urea exerc y, and of a 

condition bearing a grave prognosis. Howe relationship 

between the degree of anemia and the loss of renal function or the 
probable duration of life is most irregular, occasional cases making, as 
shown by the progressive fall of blood urea clearance and the clinical 
signs, an obviously inevitable approach to uremic ’ ^ath with but 
slight fall in blood hemoglobin content. While the pre .^enc [f anemia 
signifies a grave prognosis^ the maintenance of nearly normal, Hemoglobin 
does not gainsay the immediate onset of uremia, 

ANATOMICAL CHANGES OBSERVED IN TERMINAL HEMORRHAGIC 

NEPHRITIS^ 

Of the 50 cases of hemorrhagic nc'phritis which we report 25 died 
and autopsies were permitted on 11 (nos. 20, 22, 23, 34, 37, 38, 39, 41, 
42, 45 and 47). Two passed into the terminal stage directly from the 
acute, while the other 9 first passed through more or less prolonged 
periods in the intermediate active chronic stage before they reached 
the terminal. 

In every case practically all of the glomeruli were destroyed. This 
finding, taken with the fact that the blood urea clearance was reduced 
to the neighborhood of 5 per cent of normal or lower in these terminal 
cases, indicates the probability that in hemorrhagic nephritis the fall in 
blood urea clearance is proportional to the glomerular destruction. 

Five of these cases, nos. 38, 39, 41, 45 and 47, were clinically classi¬ 
fied, because of marked hypertension and cardiac enlargement , as arterio¬ 
sclerotic in addition to the primary hemorrhagic disease. All of these 
cases showedj in addition to the glomerular destruction, marked arteriolar 
changes at autopsy. 

The two cases, nos. 22 and 23, which went from the acute stage directly 
into the terminal, in contrast to the other nine, did not show contracted 
kidneys, although glomerular destruction was practically complete. 
The kidneys were of the large white type, and corresponded histologi¬ 
cally with the descriptions by which Volhard and Fahr (1913) and 

»Detailed reports of the autopsy examinations are given below with the case 
histories. 
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Ophiils (1916) distinguished what they term the subacute or sub¬ 
chronic form of glomerulonephritis.'' 

Diffuse hemorrhagic glomerulonephritis is generally classified by 
pathologists into three stages. Volhard and Fahr (1914) and Ophuls 
(1916) distinguish an acute, a subchronic (or subacute) and a chronic 
glomerulonephritis, whereas Aschoff (1921) discriminates an acute 
inflammation, a stage of regeneration and reparation, and a stage of 
scar formation. The second stage of all writers corresponds to the 
large white or mottled kidneys, whereas the third stage corresponds 
to the secondary contracted kidneys. 

It is sometimes difficult in individual cases to decide by autopsy 
which stage is present. This is true especially in subchronic and 
chronic stages. Fahr presents in his handbook (1925) such a case 
which anatomically resembled the second (subchronic) stage. But 
because of a duration of three to four years he ascribed this case to 
the chronic stage. Generally one might speak of a third stage (termi¬ 
nal chronic) when, macroscopically, the consistency of the kidneys 
becomes firmer and the differentiation between cortex and medulla 
more indistinct; when, histologically, the parenchyma becomes wasted 
to a large extent and the glomeruli irregular in size and lesion. In the 
chronic stage the kidneys may still be enlarged (as in case 20). But 
usually one finds all transitions of extensive shrinkage. 

Except cases 41 and 47, all cases of this group were pure glomerulo¬ 
nephritis. The outstanding lesions were diffuse changes of all or nearly 
all glomeruli. Vascular lesions of degenerative nature were absent or 
insignificant. 

Cases 22 and 23 showed anatomical changes characteristic for the 
subchronic stage. These were, as mentioned above, cases of short 
duration. They passed clinically directly from the acute to the 
terminal stage, and died with nitrogen retention three and five months 
respectively after acute onset. The kidneys were large and white with 
occasional blood dots on their surfaces. The consistency was doughy. 

^Our findings agree entirely with the statements of Volhard and Fahr (1914) 
concerning the lack of relationship between degree of functional deficit of the 
kidneys and the amount of gross anatomical contraction, also with their statement 
that the degree of contraction depends more on the duration of the disease than 
on the degree of functional damage that the kidneys have suffered. 
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The cortex was well marked off from the medulla. Histologically it 
was found that the renal architecture was still well preserved. There 
was only a slight scar formation. Case 22 belonged to the intra¬ 
capillary, and case 23 to the extracapillary form. The glomeruli of 
case 22 were unusually rich in fibrinoid substances. Many of the 
tubules were degenerated in both cases. The vascular changes were 
insignificant. Case 23 showed only a slight cardiac hypertrophy and 
case 22 none at all. Both cases died with bronchopneumonia, but 
uremic symptoms were already present in one and, from the low level 
of the blood urea clearance, appeared inevitable in the other. 

In the remaining cases death occurred only after the disease had run 
the usual more prolonged course, through the chronic active stage to 
the terminal. The histological changes likewise belonged to the 
chronic stage. Only in case 20, of two years duration, was it doubtful 
whether one should ascribe it, from the histology, to the second or to 
the third stage. The kidneys still were much enlarged and pale in 
color. But the consistency was already firmer, the surface was very 
finely granulated, and the differentiation between cortex and medulla 
was no longer distinct. Also, a marked cardiac hypertrophy was 
already present. The deciding factor for our diagnosis of a third stage 
(terminal at end of chronic glomerular) was the histology showing 
an extended destruction of the renal architecture (fig. 1). The out- 
. standing lesion of the glomeruli was a diffuse hyalinization of the loops. 

Case 42 is a further example of beginning shrinkage. On the one 
hand, the kidneys were already decreased in weight and their surfaces 
were slightly granulated. But, on the other hand, the kidneys were 
still of doughy consistency and their cortex was well marked off from 
the medulla. That the disease here was in the chronic stage was 
shown by the histology, which greatly resembled that of case 20. 
Also, a marked cardiac hypertrophy was found. 

Cases 20 and 42 died in uremia. 

The remaining S pure cases (nos. 34, 37, 38, 39 and 45) showed 
advanced contracted kidneys, which, in most instances, were grayish 
in color and showed both fine and coarse granulations. All were firm 
in consistency. The differentiation between cortex and medulla was 
indistinct or missing. The cases all showed marked cardiac hyper¬ 
trophy and all died in uremia, except one who died with confluent 
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bronchopneumonia. Histologically, these older cases differed from 
those which passed directly from acute to terminal stage by the exten¬ 
sive destruction of the renal architecture and the greater irregularity 
of the glomerular changes which had occurred during the longer 
disease. Besides numerous entirely hyalinized glomeruli there were 
glomeruli which still contained one or more loops filled with blood. 

As might be expected from the variety of the lesions, certain features 
were found which bestowed an individual aspect upon each case. In 
cases 34 and 38, the glomeruli were still very large and rich in nuclei, 
whereas in case 37 the hyalinization of the glomerular loops was out¬ 
standing. In cases 39 and 45 there was a striking slight proliferation 
and desquamation of glomerular epithelial cells which, according to 
Fahr (1925), gives the impression of a more rudimentary inflammation. 

In the wasted parenchyma, islands of better preserved tubules were 
seen, as is well shown by figure 11. The dilatation of these tubules is 
looked upon as an attempt at compensation, whereby the organism 
seeks to enlarge the secreting surface. Some of the epithelial cells of 
these tubules showed fatty degeneration, whereas hyaline-droplet 
degeneration was rare or missing. 

The vascular changes varied a great deal in these cases. An ad¬ 
vanced intimal hyperplasia was seen in cases 38, 39 and 45. An 
endarteritis was found in all cases, but reached higher degrees only in 
cases 38 and 39, which during life showed exceptionally high blood 
pressures. In case 38 also some necroses in the walls of the arterioles 
were seen. Hyalinization and fatty degeneration were present in 
all cases. But they were only slight in most instances and were not 
comparable to the changes which are usual in arteriolosclerosis. 

Among the eleven cases autopsied in the hemorrhagic group nos. 41 
and 47 were not pure cases of glomerulonephritis. The glomeruli of 
both cases were diffusely changed, mainly by hyalinization of the 
loops. But in addition both cases showed an extensive hyalinization 
and fatty degeneration of the arterioles, and advanced intimal hyper¬ 
plasia of the medium sized and larger arteries and an endarteritis with 
some necroses of the small arteries. Case 41 furthermore showed a 
fresh pyelonephritis. 

That in hemorrhagic nephritis we have to deal with a glomerulo¬ 
nephritis is shown by the presence regularly of diffuse disease of the 
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glomeruli. (It is improbable that in case 41 the fresh pyelonephritis 
was responsible for the diffuse hyalinization of the glomeruli. Accord¬ 
ing to all we know the glomerular lesions were much older than the 
pyelonephritis.) However, it is more difiicult to decide whether the 
arterio- and arteriolosclerosis in cases 41 and 47 was of secondary nature 
or whether it existed independently of the glomerulonephritis. We 
are inclined to believe that it did so exist and that we have to deal in 
cases 41 and 47 with combined primary and secondary contracted 
kidneys. Aside from the fact that the arterio-, and, especially, the 
arteriolosclerosis, were of a high degree, the macroscop’cal granulation, 
partly caused by islands of compensatory dilated tubules, was also 
partly caused by scarred retractions of the parenchyma. This point 
is emphasized by Aschoff (1921). Furthermore, we found an advanced 
atherosclerosis also in other parts of the bodies of these two cases. 

ABSTRACTS OF HISTORIES AND AUTOPSY REPORTS OF CASES OF HEMOR¬ 
RHAGIC bright’s DISEASE 

A brief abstract is given of each case history covering some signifi¬ 
cant points not shown in the charts. 

For each case in which an autopsy was obtained a report is also 
given of the post mortem observations, with microphotographs of 
kidney sections. Autopsies were obtained in cases 20, 22, 23, 34, 37, 
38, 39, 41, 42, 45 and 47. 

Case 1. Hospital No. 5312. E. A., male, 29 years. Hemorrhagic Bright's 
disease. Acute recovery. 

Three months before admission he had tonsillitis and otitis, followed by edema. 
Albuminuria and a blood pressure of 140 mm. were found. 

On admission the otitis had cleared up. Some tonsillitis was found. The 
urine sediment contained many erythrocytes and erythrocyte casts and a few 
granular casts. The heart size was normal. Wassermann reaction was negative.* 
Blood urea nitrogen 21 mgm. per cent, blood creatinine 1.64 mgm.per cent and the 
basal metabolic rate —6.6 per cent. During observation the casts disappeared. 
The tonsils were removed without exacerbation of the Bright’s disease. 

Patient was re-examined 4 years after first admission. Blood pressure was 
116/80 and all urinary findings negative. Nephritis apparently completely 
healed. 

Case 2. Hospital No. 5650. S. A., female, 52 years. Hemorrhagic Bright's 
disease. Acute recovery. 
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One month before admission she had a severe cold followed by empyema in 
the left antrum. One week before admission hematuria was found. 

On admission the urine sediment contained many erythrocytes and leucocy^tes, 
some granular and erythrocyte casts. The eyegrounds were normal. Heart 
somewhat enlarged. Culture of the washings from the antrum showed hemolytic 
streptococci. Wassermann reaction was negative. Blood urea nitrogen 22 mgm. 
per cent, blood creatinine 1.59 mgm. per cent. 

The sinus cleared up under local treatment. She was in good condition when 
discharged. When seen 13 months after admission the urine sediment and blood 
pressure were both normal. 

Case 3. Hospital No. 5918. A. M., female, 23 years. Hemorrhagic Bright's 
disease. Acute -> recovery. 

One month before admission peritonsillar abscesses on both sides were followed 
by edema. Albumin, blood, and casts were found in the urine. 

On admission chronic tonsillitis was found. The urine sediment contained 
many erythrocytes and erythrocyte casts, some leucocytes and hyaline, epithelial, 
and granular casts. The eyegrounds were normal. The heart was not enlarged. 

During observation the number c/ cells and casts in the urine decreased rapidly. 
Seven months after admission the casts had disappeared completely. 

Three months after admission the tonsils were removed, without exacerbation 
of patient's nephritis. She returned to hospital for examination a year after her 
first admission. There was no albuminuria, but a concentrated 12-hour specimen 
contained 1,482,000 red cells, 946,000 white and epithelial cells, and 210,000 
hyaline casts. The blood pressure was 100/68. 

Case 4. Hospital No. 6164. R, S., male, 31 years. Hemorrhagic Bright's 
disease. Acute -+ recovery. 

The patient was admitted because of a severe pneumonia, caused by pneu¬ 
mococcus Type II (atypical). During the convalescence from pneumonia an 
acute nephritis developed, and in the urine sediment many erythrocytes and 
erythrocyte casts appeared. Some hyaline and granular casts were present also 
during the pneumonia. Only few leucocytes were present and no doubly refractive 
bodies. The eyegrounds were normal. The heart size was normal. Wassermann 
reaction was negative. Blood urea N, 12 mgm. per cent, and plasma cholesterol, 
250 mgm. per cent. During the pneumonia the blood creatinine was foimd to be 
1.45 mgm. per cent. 

In the next 2 weeks the blood urea nitrogen increased to 97 mgm. per cent and 
the blood creatinine to 6.29 mgm. per cent. Two weeks later the blood creatinine 
was 3.75 mgm. per cent. The sediment still showed some erythrocytes and 
erythrocyte casts. The tonsils were removed 6 months after the onset of disease, 
without causing a recrudescence. One month later a concentrated 12-hour 
specimen of urine contained no albumin, and 5,500,000 red cells, 782,000 white 
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blood and epithelial cells, and 54,000 hyaline casts, in a 12-hour collection. The 
disease was considered to be latent. 

Case 5. Hospital No. 6768. T. V., male, 3 years. Uemorrhagic Bright^s 
disease. Acute -> recovery. 

The patient had had chronic bronchitis for one and one-half years. Two 
weeks before coming to hospital he had developed bilateral otitis media. Two days 
before admission gross hematuria had occurred which was accompanied by oliguria. 

On admission the patient showed slight pitting edema of the lower extremities. 
Gross hematuria was present. Blood casts were seen in the sediment. The 
protein excretion in the urine was 5 grams during the first 24 hours. The blood 
urea nitrogen was 19 mgm. per cent. The plasma cholesterol was 319 mgm. per 
cent. A phenolsulphonephthalein test revealed 72 per cent return of the dye in 2 
hours. The total protein of the blood plasma was 6.9 per cent. 

Two days after admission the patient suffered an attack of hypertensive crisis- 
resulting in a temporary right hemiplegia from which he recovered rapidly. Gross 
hematuria disappeared on the seventeenth day. The protein excretion in the 
urine dropped to a trace during the first month. Blood pressure levels both 
systolic and diastolic dropped to normal during the first week. During the first 
two weeks a loss of weight (edema) to the extent of 4 kgm, occurred. 

During the subsequent 4 months that the patient was observed, the number of 
red cells in concentrated 12-hour urine specimens became rapidly less and on 
discharge but 2,000,000 were found in urine passed during the last 12 hours of a 
24-hour dry diet (normal is 500,000). The number of casts and white blood cells 
were reduced in the same proportions. Tonsillar tabs and adenoids were removed 
as added precaution against continued activity of the kidney lesion. The plasma 
proteins remained normal. The blood urea nitrogen varied between 8.1 and 19 
mgm. per cent. When discharged the presence of a quantitatively slight hema¬ 
turia was the only evidence of renal disease. Examination 3 months later, 8 
months after onset, showed normal blood pressure, renal function and urine 
sediment, or apparently a complete recovery as far as could be demonstrated. 

Case 6. Hospital No. 5335. C. C., male, 13 to 16 years. Hemorrhagic Bright^s 
disease. Acute -> latent. 

Six years before admission he had acute nephritis with much edema. The 
attack cleared up in two months. Since then he has felt in perfect health. The 
urine has not been examined. Six weeks before admission hematuria and slieht 
edema appeared. 

On admission the urine sediment contained many erythrocytes and a few hyaline 
and granular casts. The heart size was normal. Blood urea nitrogen 22 mgm. 
per cent and blood creatinine 1.29 mgm. per cent. 

During observation the number of casts in the sediment decreased and dis¬ 
appeared at the same time as the erythrocytes. The blood pressure, blood urea 
nitrogen and creatinine remained normal. 
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Four months after discharge there were still a few red cells, and hyaline casts 
in the urine, along with a trace of albumin. Two years after discharge, the urine 
showed only a very faint trace of albumin, the sediment contained very occasional 
red cells. The blood pressure remained normal. 

Case 7. Hospital No. 5240. B. B., male, 34 years. Hemorrhagic Bright's 
disease. Acute -►latent. 

The last 5 years before admission he had recurrent tonsillitis. Three weeks 
before admission he had a peritonsillar abscess. Two days before admission 
edema appeared. 

On admission chronic tonsillitis was found. The urine sediment contained 
many erythrocytes and some hyaline and granular casts. The heart was not 
enlarged. Wassermann reaction was negative. Blood urea nitrogen 50 mgm. 
per cent, blood creatinine 1.57 mgm. per cent, and the basal metabolic rate 
-7.1 per cent. 

The number of casts decreased gradually and they disappeared between 3 and 15 
months after admission. The blood urea nitrogen rapidly fell to normal. A 
tonsillectomy was performed, and was followed by a heavy hematuria, which 
cleared up in a few days. Several re-examinations showed only traces of albumin 
in the urine. There was still a faint trace 15 months after his first admission, 
although the sediment was then negative, and the blood pressure normal. 

Case 8. Hospital No. 5875. N. F., male, 29 years. Hemorrhagic Bright's 
disease. Acute latent. 

For 3 weeks before admission the patient felt weak and chilly. Three days 
before admission edema appeared and albumin and casts were found in the urine. 

On admission the urine sediment contained many erythrocytes, a few leucocytes 
and hyaline, granular and erythrocyte casts. The heart size was normal. Was¬ 
sermann reaction was negative. Blood urea nitrogen 37 mgm. per cent and blood 
creatinine 1.87 mgm. per cent. 

In a few days the blood pressure came down to normal. After the first 2 
months of observation the urine sediment showed only few erythrocytes and single 
hyaline and granular casts. When he was seen 5 months after onset of disease, 
there were still red cells, and occasional red cell and granular casts to be found. 
Albuminuria amounted to only a very faint trace. 

Case 9. Hospital No. 5665. A. A., male, 35 years. Hemorrhagic Bright's 
disease. Acute -♦ latent. 

For many years several of his teeth have been infected and alveolar abscesses 
have formed. Two weeks before admission he had lumbar pain and edema; 
albuminuria and hematuria appeared. 

On admission the urine sediment contained many erythrocytes, some leucocytes 
and hyaline and granular casts. The eyegrounds showed blurring of the outlines 
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of the discs and fresh retinal hemorrhages. The heart was somewhat enlarged to 
the left. The gums showed gingivitis, from which Vincent’s organism was 
obtained. Wassermann reaction was negative. Blood urea nitrogen 68 mgm. 
per cent, blood creatinine 1.73 mgm. per cent. 

Three weeks after admission the gingivitis grew worse. For about a week 
there was nausea, headache and a distinct drowsiness. The blood urea nitrogen 
rose to 209 mgm. per cent and the creatinine to 10.84 mgm. per cent. Under local 
treatment the mouth cleared up, the general condition improved and in 3 months 
the blood urea nitrogen and creatinine decreased to normal values. Twelve and 
20 months after admission the patient was in good condition and able to work 6 
hours daily. The casts had decreased gradually in number and had disappeared 
20 months after admission. There was albumin in the urine, amounting to 0.18 
gram per liter. 

Case 10. Hospital No. 5681. J. B., male, 8 to 9 years. Hemorrhagic Bright's 
disease. Initial latent -+ recovered. 

He has had frequent attacks of tonsillitis since the age of 4. Four months 
before admission edema appeared. Three months later gross hematuria was 
noticed. 

On admission chronic tonsillitis was found. The urine sediment contained 
many erythrocytes, leucocytes, and granular and erythrocyte casts. The heart 
size was normal. Wassermann reaction was negative. Blood urea nitrogen 79 
mgm. per cent and blood creatinine 1.90 mgm. per cent. 

Tonsillectomy was performed 3 weeks after admission. Improvement in the 
Bright’s disease followed almost at once (see chart). The number of erythrocytes 
in the sediment decreased, the erythrocyte casts disappeared and the granular 
casts were much reduced in number. Since 5 months after admission the blood 
urea nitrogen and creatinine have shown normal values. Two years after admis¬ 
sion, improvement was still taking place. There was 0.25 gram of albumin per 
liter in the urine, and in the sediment a few red cells, and a very few hyaline casts. 
The case had entered the latent phase. Three and one-half years after admission 
signs of renal diseases were entirely negative. 

Case It. Hospital No. 6777. R. D. F., female, 11 years. Hemorrhagic 
Bright's disease. Acute —► latent. 

The patient had a history of sore throats for several years—tonsillectomy 
and adenoidectomy had been performed 4 years previously. One year before 
admission a sore throat had occurred accompanied by cervical adenitis. One 
week previous to admission adenitis again occurred. Five days later and two 
days before admission gross hematuria appeared. 

On admission to hospital hematuria and generalized edema were present. The 
blood urea N was 114 mgm. per cent. Plasma NPN 128 mgm. per cent. A 
phenolsulphonephthalein test revealed but a 12 per cent return of the dye in two 
hours. The protein excretion in the urine was 8 grams daily. 
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During the first month that the patient was under observation the blood urea 
N fell to 21 mgm. per cent. A drop in protein excretion to 1 gram per da\* and a 
decrease in weight oi 6 kgm. also occurred, after which no edema was observed. 
Gross hematuria continued. The phenolsulphonephthalein excretion rose to 
34 per cent in two hours. 

During the subsequent three months the blood urea N varied between 10 and 
20 mgm. per cent. Gross hematuria disappeared during the second month 
although red blood cells and blood casts were present in concentrated urine 
specimens in large numbers. Proteinuria decreased to 0.2 gram daily during the 
fourth month. The 2-hour phthalein excretion rose to 67 per cent before discharge 
from the hospital four months after onset. 

Case 12. Hospital No. 5520. V. M., female, 7 years. Height 113.7 cm. 
Hemorrhagic Bright's disease. Acute -> latent with hypertension. 

Two weeks before admission edema appeared and albuminuria was found. 

On admission chronic tonsillitis was found. The urine sediment contained 
many erythrocytes and erythrocyte casts, a few leucocytes and some hyaline and 
granular casts. Blood urea nitrogen 145 mgm. per cent and blood creatinine 
2.61 mgm. per cent. 

During the first month of observation the blood urea nitrogen and blood creati¬ 
nine decreased to normal values. The urine sediment did not change significantly 
except for a decrease in the number of erythrocytes and erythrocyte casts. Tonsil¬ 
lectomy was carried out, and did not appear to influence the course of the Bright's 
disease. When the 7-year old patient was seen 20 months after admission blood 
pressure had risen to 160/110 and generalized arteriosclerosis and cardiac hyper¬ 
trophy were noted. There were still occasional red cells in the urine, but no note of 
casts; albumin was only a very faint trace. The Bright’s disease was considered 
to be latent, and the cardio-vascular disease occupied the foreground. 

Case 13. Hospital No. 5186. D. G., male (colored), 29 years. Hemorrhagic 
Bright's disease. Acute —> latent. 

One month before admission edema was noticed. 

On admission chronic tonsillitis was found. The urine sediment contained a 
few erythrocytes, some leucocytes and many hyaline and granular casts. The 
eyegrounds were normal. The heart was somewhat enlarged. Wassermann 
reaction was negative. Blood urea nitrogen 38 mgm. per cent, blood creatinine 
1.86 mgm. per cent and plasma cholesterol 231 mgm. per cent. Five months after 
admission the basal metabolic rate was -16.7 per cent. The blood pressure soon 
fell to normal. The number of casts gradually decreased somewhat. The blood 
urea nitrogen remained normal; 4 months and 7 months after admission it showed 
minimum values of 12 and 16 mgm. per cent respectively. Patient was discharged 
after 10 months, subjectively well. Six months later he was still well, despite 
continued proteinuria, and his plasma protein content had improved. 
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Case 14, Hospital No. 5295. A. S., male, 29 years. Hemorrhagic Brighfs 
disease. Acute *-► latent. 

Two weeks before admission the patient had peritonsillar abscesses followed by 
edema. 

On admission chronic tonsillitis was found. The urine sediment contained 
many erythrocytes and leucocytes, some hyaline and granular casts and a few 
erythrocyte casts. The eyegrounds were normal. The heart was somewhat 
enlarged. Blood urea nitrogen 149 mgm. per cent. Blood creatinine, 2.0 mgm. 
per cent on admission, rose during 3 weeks to 4.9 mgm. 

During observation the number of erythrocytes, leucocytes and casts in the 
urine decreased very much, but a few of each were still present 5 months after 
admission. The blood urea nitrogen and creatinine became normal about 3 
months after admission. Patient returned to work as chauffeur, and refused to 
come back to hospital for subsequent examinations. 

Case 15, Hospital No. 5441, F. C., male (colored), 25 years. Hemorrhagic 
Bright^s disease. Acute —► latent. 

Five years before admission he had primary syphilis. He never had any 
secondary or tertiary symptoms. For 5 weeks before admission he had had 
bronchitis and for four and a half weeks edema. 

On admission the urine sediment contained some erythrocytes, a few leucocytes, 
and many granular casts. The heart was not enlarged. Wassermann reaction 
was strongly positive. Blood urea nitrogen 21 mgm. per cent and blood creatinine 
1.30 mgm. per cent. The basal metabolic rate was -6.1 per cent. 

During observation the erythrocytes disappeared from the urine sediment, 
and the number of casts decreased. Blood pressure, blood urea nitrogen, and 
creatinine remained normal. The last 4 weeks of observation the patient had 
daily inunctions of mercury. He reported himself in good health two and one-half 
years after admission; consequently it is probable that his nephritis had either 
healed or become latent. He could not return for examination. 

Case 16, Hospital No. 6538. J. Y., female, 25 years. Hemorrhagic Bright*s 
disease. Acute latent. 

No history of previous infections. Eight months before admission hematuria 
had appeared, followed by edema. Hematuria had disappeared in two months, 
and edema had become more pronounced. 

On admission pitting edema of the lower extremities was present. A 12-hour 
concentrated specimen of urine showed 1,900,000 red blood cells, 3,000,000 white 
blood and epithelial cells, and 125,000 hyaline casts. The protein excretion in the 
urine was 3.5 grams daily. The blood urea N was 17 mgm. per cent. The phenol- 
sulfonephthalein test revealed a 54 per cent return of the dye in two hours. 

During the 8 months that the patient was under observation the blood pressure 
remained normal. The phthalein excretion rose to above 60 per cent in 2 hours 
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and remained above that level. In concentrated 12-hour specimens the urine 
sediment showed a variation in red blood cells between 150,000 and 2,860,000, the 
white blood cells and epithelial cells between 1,500,000 and 4,000,000, and the 
hyaline casts between 60,000 and 250,000. The protein excretion diminished to 
0.5 gram daily at the end of the observation period. At no time was the blood 
urea nitrogen above 17 mgm. per cent. 

Case 17, Hospital No. 5482. R. G., male, 11 to 12 years. Hemorrhagic 
Bright''s disease. Acute active chronic. 

Two years before admission he had mastoiditis. He was operated on and a 
draining sinus remained. Three weeks before admission edema appeared and 
albumin and casts were found in the urine. 

On admission the open pus-secreting mastoid process lesion was seen. The 
urine sediment contained many erythrocytes, some leucocytes and hyaline and 
granular casts and a few erythrocyte casts and doubly refractive bodies. The 
eyegrounds were normal. The heart was not enlarged. Blood urea nitrogen 29 
mgm. per cent and blood creatinine 1.24 mgm. per cent. During the second 
month in hospital a secondary mastoid operation was done, and satisfactory 
healing occurred. 

During observation there was no significant change in the urine sediment, 
plasma proteins, blood urea nitrogen or creatinine. The case was evidently an 
active chronic one when discharged 18 months after fi^rst observation. 

Case 18. Hospital No. 5316. A. C., female, 27 years. Hemorrhagic Bright's 
disease. Acute active chronic. 

Five weeks before admission edema appeared and albuminuria was found. 

On admission chronic tonsillitis was found. The urine sediment contained 
many erythrocytes, a few leucocytes and some hyaline and granular casts. The 
heart size was normal. Wassermann reaction was negative. Blood urea nitrogen 
20 mgm. per cent, blood creatinine 1.36 mgm. per cent and the basal metabolic 
rate -9.5 per cent. 

Some time after admission a bleeding urethral polyp was found. It was 
removed by operation 5 months after admission. Erythrocyte casts were recorded 
twice. The urine sediment did not change significantly; occasionally doubly 
refractive bodies were found. The blood pressure remained normal. The blood 
urea nitrogen and creatinine increased slowly; 13 months after admission they 
were 36 and 2.08 mgm. per cent respectively. 

Case 19. Hospital No. 4423. M. A., female, 16 to 20 years. Hemorrhagic 
Bright's disease. Acute terminal -+ exitus. 

Two months before admission albuminuria was accidentally found, and shortly 
afterwards edema appeared. 

On admission an abscess of the right gum and several badly decayed teeth were 
found. The urine sediment contained many erythrocytes, few leucocytes, and 
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many granular and a few erythrocyte casts. The eyegrounds were 
Wassermann reaction was negative. Blood urea nitrogen was 28 mgm. per cent 
and plasma cholesterol 255 mgm. per cent. 

During the 3^ years observation the blood urea nitrogen and creatinine gradually 
rose. After 2 years they were 89 and 3.2 mgm.; after 3 years 253 and 6.0 mgm. and 
12 days before death they were 328 and 8.1 mgm. per 100 cc. respectively. 

Death occurred in uremia and cardiac failure. The autopsy showed cardiac 
hypertrophy and contracted kidneys with extensive chronic hemorrhagic Bright’s 
disease. 

Case 20. Hospital No. 4911 and 5386. S. J., female (colored), 35 years. 
Hemorrhagic Brifihi\s disease. Acute active chronic terminal —► death. 

Two months before admission edema appeared. 

On admission the urine sediment contained some leucocytes, occasional erythro¬ 
cytes and many hyaline and granular casts. The eyegrounds were normal. The 
heart was not enlarged. Blood urea nitrogen was 9 mgm. per cent. Thirteen 
months after admission tlie basal metabolic rate was —6.0 per cent. 

During observation the blood urea nitrogen increased gradually and was 132 
mgm. per cent two weeks before death, which occurred in uremia. 

Autopsy. No. 249/1926. Autopsy commenced 9 hours after death. 

Death in uremia. Cardiac hypertrophy. Small fresh areas of broncho¬ 
pneumonia. Old adherent pleurisy and pericarditis. Old perisplenitis and 
perihepatitis. Ascites. Chronic cholelithiasis. Slight arteriosclerosis of the 
spleen. Slight atheromatosis of the aorta. 

The right kidney weighed 165, the left 220 grams. The capsule stripped with 
difliculty. Both kidneys were firm. Their surface was very finely granulated 
and pale in color. Hemorrhages were absent. The cortex was of about normal 
width and pale in color. The differentiation of cortex and medulla was not sharp. 
The right kidney contained at the upper pole a cyst the size of an acorn. 

Microscopic examinaiion. All glomeruli are more or less diseased {fig. /). Their 
loops are changed mostly into thick hyaline or protoplasmatic masses the lumina of 
which frequently can no longer be recognized (fig. 2). Part of the glomeruli show 
increased numbers of nuclei and are poor in erythrocytes. Occasionally one 
finds small necroses of the loops (fig. 2). Hemorrhages in the capsular spaces 
were not seen. Nearly all glomeruli are adherent to the aipsules, often to a large 
extent. The capsules are mostly rich in nuclei and thickened by masses stained 
red by Van Gieson. Frequently one sees crescents rich in nuclei. The parietal 
epithelial cells are often increased in number and size. Fairly many glomeruli are 
entirely hyalinized. 

The parenchyma is much destroyed (fig. 1) and penetrated by scars which are 
rich in collagenous connective tissue and in capillaries dilated with blood. Fre¬ 
quently they contain round cell infiltrations and occasionally polymorphonuclear 
leucocytes, which may enter the tubules. Xanthoma like cells were not seen. 
The tubules of these regions are in all stages of atrophy and degeneration up to 
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entire disappearance. Between the scars one sees islands of better preserved 
tubules which are much dilated. They contain coagulated protein, some des¬ 
quamated epithelial cells, some casts and in some places many polymorphonuclear 
leucocytes (fig. 1). Occasionally one sees calcified casts. The epithelial cells are 
mostly flattened. In single tubules one sees also hyaline-droplet degeneration. 
Occasionally one finds distinct signs of regeneration. 

Some arterioli show an endarteritis. The larger arteries show a well developed 
intimal hyperj^Iasia. The medulla is rich in collagenous connective tissue. In 
some places it contains scars rich in capillaries dilated with blood. The tubules 
are frequently atrophic or degenerated and contain an exudate similar to that of the 
cortex. 

Anatomical diagnosis. Chronic glomerulonephritis. Secondary arteriosclerosis. 

Case 21. Hospital No. 5254. M. M., female, 19 years. Hemorrhagic BrigMs 
disease. Acute death from diphtheria. 

For some years she has had frequent colds. One week before admission edema 
appeared. 

On admission the urine sediment contained some erythrocytes, leucocytes and 
granular casts and a few hyaline casts. The eyegrounds were normal. The 
heart was not enlarged. Wassermann reaction was negative. Blood urea 
nitrogen 26 mgm. per cent. Blood creatinine 1.58 mgm. per cent. 

During observation the number of casts increased somewhat. The blood urea 
nitrogen during the first 4 months was about 35 mgm. per cent and was 80 mgm. 
per cent 11 months after admission. The blood creatinine at this time was 3.64 
mgm. per cent. Eleven months after admission the patient died at home from 
diphtheria. No autopsy. 

Case 22. Hospital No. 6029. M. K., female, 24 years. Hemorrhagic BrigMs 
disease. Acute uremic death. 

Five weeks before admission she had diarrhoea and vomiting. One week later 
edema was called to her attention. 

On admission considerable gingivitis was found. The urine sediment contained 
some erythrocytes, leucocytes, doubly refractive bodies, and hyaline and granular 
casts. The heart was somewhat enlarged. Wassermann reaction was negative. 
Blood urea nitrogen 58 mgm. per cent. Blood creatinine 1.76 mgm. per cent. 

During observation vomiting and nausea were present. The number of casts 
increased, and some of these were broad (Addis’ renal failure casts). The blood 
urea nitrogen rose to 170 mgm. per cent and blood creatinine to 2.67 mgm. per 
cent. The patient then contracted atypical pneumonia, caused by Type IV 
pneumococcus. One day before death the blood urea nitrogen was 418 mgm. per 
cent and blood creatinine 4.54 mgm. per cent. The autopsy showed pneumonia, 
pancreatic fat necrosis, cardiac hypertrophy, large mottled kidneys, with extensive 
hyaline degeneration of the glomeruli and in some places crescent formation. 
There was tubular atrophy and degeneration. 
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Autopsy. Autopsy No. 281/1927. Autopsy commenced 3 hours after death. 

Death by confluent bronchopneumonia. Empyema of the right pleural cavity. 
Moderate cardiac hypertrophy. Serous pericarditis and ascites. Fibrinous 
perisplenitis. Old healed endocarditis mitralis. Moderate atheromatosis of the 
aorta, aortic cusp of the mitral valve and of the coronary arteries. 

The right kidney weighed about 200, the left 210 grams. The capsule stripped 
easily. Both kidneys were doughy in consistency. In each kidney the surface 
was relatively smooth with very fine, slight granulations. It was yellowish white 
in color and contained occasional red dots. The cortex was a little enlarged and 
in color similar to the surface. Fine radiate brownish stripes were visible in it. 
The cortex was fairly well marked off from the brown red medulla. 

Microscopic examination. All glomeruli are more or less severely changed (fig. 3). 
Their tufts are partly or entirely changed into thick hyaline or fibrinoid masses 
which are in part stained blue by Gram (fig. 4). The nuclei of such tufts are often 
necrotic and bizarrely shaped. Other parts of these glomeruli contain greatly 
increased numbers of nuclei (fig. 3) partly of proliferated endothelial cells and 
partly of polymorphonuclear leucocytes. Occasionally one sees karyokinetic 
figures. The tufts are thrombosed in some instances. Part of the glomeruli are 
enlarged. Their tufts extend frequently into the tubules like hernias. They are 
extremely poor in erythrocytes. In some instances one sees adhesions of the 
tufts to the capsules. In the glomerular spaces one sees a little coagulated protein 
and detritus. The capsules are well preserved in most instances. Occasionally 
the parietal epithelial cells are increased in number. A few capsules are thickened 
by masses stained red by Van Gieson. Relatively frequently one sees also cres¬ 
cents which occasionally are very thick and consist of several layers, rich in nuclei. 
These changes are, however, insignificant in contrast to the intracapillary changes. 
Several glomeruli are entirely hyalinized. The more severely changed glomeruli 
contain in part much fat which occasionally is doubly refractive. 

The parenchyma is penetrated by a few scars which are rich in collagenous 
connective tissue and capillaries dilated with blood. Frequently they contain 
round cell infiltrations. The tubules of these regions are in all stages of atrophy 
and degeneration up to entire disappearance. The better preserved tubules are 
frequently dilated and contain varying amounts of coagulated protein, poly¬ 
morphonuclear leucocytes and desquamated epithelial cells. Occasionally they 
contain hyaline casts. The epithelial cell of the ascending loops are swollen in 
part and frequently fatty degenerated. Hyaline-droplet degeneration is rare and 
insignificant. In some places one sees signs of regeneration. 

The arterioli are mostly well preserved. Occasionally they show a moderate 
endarteritis. The larger arteries show a moderate intimal hyperplasia. 

Anatomical diagnosis. Subacute glomerulonephritis. Intracapillary form of 
Fahr. 

Case 23. Hospital No. 6112. F. S., male, 44 years. Hemorrhagic Bright's 
disease. Acute terminal exitus. 




Fig. 1. Case 20. .Anatomical diagnosis: chronic glomerulonephritis. Clinical 
diagnosis: terminal hemorrhagic nephritis. 

'rhe tufts of the glomeruli are clotted with hyaline and protoplasmic masses and are 
frequently adherent to the capsules. Some of the capsules are much thickened (a). 'I'he 
covering cells of the tufts are increased in number (/;), d'he parenchyma is greatly de¬ 
stroyed and penetrated by scars which contain round cell infiltrations. 'I'he remaining 
tubules contain coagulated protein, polymorphonuclear leucocytes, ((?), and occasionally 
calcitied casts. Zenkers, iron-hematoxylin-eosin. X6(). 

Fig. 2. Case 20. For diagnosis see figure 1. 

'rhe tuft (jf the glomerulus is changed into thick protoplasmic and hyaline masses the 
lumina of which can no longer be recognized. In (a) one sees a small necrosis, 'rhe tuft 
is adherent to the capsule in many places. 'I'he capsule is thickened. In the surrounding 
tubules and interstitial tissue one sees some polymorphonuclear leucocytes (/>)• In (c) 
desquamated epithelial cells and cellular detritus in a tubule. Zenkers, iron-hematoxy¬ 
lin. X200. 

Fig. d. Case 22. Anatomical diagnosis: subacute glomerulonephritis. Clinical 
diagnosis: terminal hemorrhagic nephritis developed directly from acute. 

'rhe glomeruli are enlarged and rich in endothelial cells and polymorphonuclear leu¬ 
cocytes. Fart of their loops are necrotic and fibrinoid or hyaline. In a few places one 
sees adhesions of the tufts to the capsules. The tubules contain coagulated protein and 
some polymorphonuclear leucocytes. .In the interstitial tissue a few scars with infiltra¬ 
tions of round cells and a few polymorphonuclear leucocytes. Mueller-formalin fixation, 
iron-hematoxylin-eosin. XbO. 

Fig. 4. Case 22. For diagnosis see figure 3. 

'I'he loops of the glomerulus are clotted with fibrinoid masses and are adherent to the 
capsule. Alucller-formalin fixation, Gram. X200. 
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The patient 2 years before admission had been told that his urine contained no 
albumin and that his blood pressure was normal. Four months prior to coming to 
hospital, he had contracted a severe cold which had been followed by arthritis. 
There had been no gross hematuria or edema. 

On admission the patient was in an uremic condition, d'herc was severe anemia. 
The hemoglobin was 8.8 volume per cent O 2 capacity. , There was no edema. The 
heart was not enlarged, d'he urine contained a quantity of albumin, red blood 
cells, white blood cells, and casts. Many of the casts were of the broad renal 
failure type (Addis, 1925). 'Phe blood urea N was 117 rngm. per cent, the creati¬ 
nine 9.9 rngm. per cent. 'I'he phthalein output was but 2 per cent in 2 hours. 

During the 2 months that the patient was under observation, the blood urea N 
remained between 91 and 117 rngm. per cent. The creatinine stayed at 9 rngm. 
per cent. The phthalein excretion was reduced during the second month to a 
trace in two hours. The hemoglobin was constant at 8 volumes per cent O 2 
capacity. The excretion of albumin, red blood cells and casts continued. Slight 
edema api)eared a few days before death. There was a slight elevation of the 
systolic blood pressure level during the last month, -the diastolic level remained 
normal. The patient died in uremic coma. 

Autopsy. Autopsy No. 285/1927. Autopsy commenced 3 hours after death. 

Death by bronchopneumonia. I’rcsh serous fibrinous pleurisy. Did adherent 
pleurisy of the left cavity. Serous pericarditis Ascites. Old adherent perisplenitis 
and perihepatitis. Old healed endocarditis. Old infarcts in the spleen. Mod¬ 
erate atheromatosis of the aortic cusp of the mitral valve, of the coronary arteries 
and of the aorta. 

Neither the right kidney nor its ureter and arteries could be found. The 
left kidney was very large. Length 16, breadth 8 cm. The capsule stripped with 
difiiculty. The kidney was doughy in consistency. Its surface was smooth and 
occasionally slightly granulated. It was yellowish white in color showing red 
blood dots. 1'he cortex was much enlarged showing a picture similar to that of 
the surface. The cortex was well marked off from the medulla. 

Microscopic examination. All glomeruli arc severely diseased (fig. 5). d'heir 
tufts are entirely clotted by hyaline masses (fig. 6) stained red by Van (}ieson in 
most instances. Nearly all glomeruli are empty of blood and show partially 
increased numbers of nuclei. Occasionally one sees necroses of the loops. Nearly 
all glomeruli are adherent to the capsules to a large extent (fig. 5). In the capsular 
spaces one finds some coagulated protein and erythrocytes in places. The covering 
cells of the glomeruli as well as the parietal epithelial cells are much increased in 
number and show frequently typical crescents (fig. 6). The capsules are thickened 
and cannot be sharply differentiated from the surrounding tissue. 

The tubules are frequently dilated and contain some coagulated protein, casts, 
some erythrocytes and polymorphonuclear leucocytes. Their epithelial cells are 
much desquamated. Some are flattened. Others are swollen and occasionally 
show hyaline-droplet degeneration. The interstitial tissue is thickened in some 
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instances and contains round cellular infiltrations (fig. 6). The arterioli are 
relatively well preserved. The larger arteries show a slight intimal hyperplasia. 

Histological diagnosis. Subacute glomerulonephritis. Extracapillary form of 
Fahr. Aplasia of the right kidney. 

Case 23a. Hospital No. 5227. G. G., male, 24 years. Hemorrhagic Bright's 
disease. Latent -► terminal. 

The patient had a heavy cold a year before admission. He first noted edema 
about the ankles 5 months later, and albumin was disovered in the urine. £xami> 
nation disclosed nothing abnormal beyond a low grade of chronic tonsillitis, and 
slight edema. The heart was normal in size. The urine contained about 4 
grams of albumin per day. There were many hyaline casts, and some granular 
casts in the sediment. A few red and a few white blood cells were occasionally 
noted, and fatty epithelial cells. Blood urea N was 12 mgm. per cent. Blood 
creatinine 1.64 mgm. per cent. Plasma cholesterol 217 mgm. per cent. 

The edema cleared up quickly, and did not recur until 2 years later. There 
has been a definite downward progress in renal function during the last 2 years, 
and marked hypertension, 175/125, and hematuria have developed. The case is 
apparently passing from the latent stage, where it resembled a mild nephrosis, into 
the terminal stage of hemorrhagic nephritis. 

Case 24. Hospital No. 5058. I. R., male, 37 years. Hemorrhagic Bright's 
disease. Latent -> terminal -♦ exitus. 

Nine years before admission he had acute nephritis. One year later he had a 
relapse, and this time gross hematuria was noticed. Since then albuminuria has 
persisted. He never noticed any edema. 

On admission pyorrhea alveolaris and chronic bronchitis were found. The 
urine sediment contained a few erythrocytes and some hyaline and granular casts. 
The eyegrounds were normal. The heart size was normal. Blood urea nitrogen 
was 53 mgm. per cent, blood creatinine 2.0 mgm. per cent and the basal metabolic 
rate +1.8 per cent. 

The pyorrhea improved after treatment. Twenty-five months after admission 
headaches, nausea and hypertension were present. Blood urea nitrogen was 102 
mgm. per cent and blood creatinine 2.75 mgm. per cent. Thirty-four months 
after admission retinal hemorrhages were present, and the heart was enlarged. 
The blood ur^ nitrog^ was 291 mgm. per cent and blood creatinine 14.4 mgm. 
per cent. The maximal values reached were 910 mgm. per cent and 20.32 mgm. 
per cent respectively. Patient died in uremia. No autopsy. 

Case 25. Hospital No. 5446. R. V., male, 25 years. Hemorrhagic Bright's 
disease. Active chronic -+ terminal. 

He has had rather frequent colds. Five months before admission after a severe 
cold edema and dyspnoea appeared. One month later tonsillectomy was 
performed. 
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On admission there was no dyspnoea. Large adenoids and renmants of tonsillar 
tissue with foci of pus were present. The urine sediment contained many ery¬ 
throcytes, leucocytes, and hyaline and granular casts, also some cellular casts 
and doubly refractive bodies. The eyegroimds were normal. The heart was 
somewhat enlarged. Wassermann reaction was negative. Blood urea nitrogen 
39 mgm. per cent. Blood creatinine 2.13 mgm. per cent. Six months after 
admission the basal metabolic rate was +6.6 per cent. Nine months after 
admission, the adenoids and tonsillar tags were removed. No improvement 
occurred after the operation, nor did the urine sediment and blood pressure at the 
time change significantly. Twelve months after admission the blood urea nitrogen 
was 69 mgm. per cent and the blood creatinine 3.70 mgm. per cent. The patient 
was then up and about and working 6 hours each day, despite the progressive 
decrease of renal function. 

Case 26, Hospital No. 6139. A. P., male, 19 years. Hemorrhagic Bright's 
disease. Active chronic. 

The patient had chronic tonsillitis for many years. Eight months before 
admission edema appeared, and one month later albuminuria, hematuria and 
hypertension were found. All these signs were present when he was admitted to 
this hospital. 

On admission the urine sediment contained many erythrocytes, some leucocytes 
and hyaline casts, many erythrocyte casts and occasional doubly refractive bodies. 
The eyegrounds were normal. Chronic tonsillitis was found. The heart size was 
normal. Wassermann reaction was negative. Blood urea nitrogen 35 mgm. per 
cent. Blood creatinine 1.86 mgm. per cent. The tonsils and adenoids were 
removed, without any subsequent flare up in the Bright’s disease. A month later, 
he was allowed up, and an increase in hematuria occurred, lasting about a week. 

Cfljfe 27, Hospital No. 5074. M. G., male, 11 to 13 years. Height 138.5 to 
145.5 cm. Hemorrhagic Bright's disease. Active chronic terminal. 

He had pneumonia at 6, 7 and 10 years of age. After the last attack, 18 months 
before admission, edema and ascites appeared and albuminuria was found. 

On admission chronic tonsillitis and chronic bronchitis were found. The urine 
sediment contained occasional erythrocytes and granular casts. The heart was 
somewhat enlarged. Wassermann reaction was negative. Blood urea nitrogen 
18 mgm. per cent. Blood creatinine 1.48 mgm. per cent. Basal metabolic rate 
+3.6 per cent. 

Fourteen months after admission the urine sediment contained many erythro¬ 
cytes and granular and cellular casts and a few leucocytes, and these findings 
have persisted. On several occasions some doubly refractive bodies have also 
been found. The blood pressure most of the time has been about 140/80. Inter¬ 
mittent chronic bronchitis has persisted. Twenty-four months after admission 
chronic frontal and ethmoidal sinusitis appeared, caused by hemolytic strepto¬ 
coccus. The blood urea nitrogen has been about 60 mgm. per cent most of the time 
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and the blood creatinine about 1.80 mgm. per cent. The plasma proteins have 
not changed significantly. He was still able to be active over 6 years after the 
onset of his disease, and a year and a half since it has been in the terminal stage. 
In that time, however, his blood urea clearance has sunk from 20 to 12 per cent of 
normal. 

Case 28, Hospital No. 6123. L. G., female, 19 years. Hemorrhagic Brighi^s 
disease. Active chronic terminal. 

Six months before admission edema appeared. One month later marked 
albuminuria and hematuria were foimd. At the Lenox Hill hospital the basal 
metabolic rate was found to be -32 per cent and the plasma cholesterol 375 mgm. 
per cent. 

On admission here the urine sediment contained some erythrocytes, leucocytes 
and hyaline and granular casts. The eyegrounds were normal. The heart size 
was normal. Wassermann reaction was negative. Blood urea nitrogen 71 mgm. 
per cent. Creatinine 1.33 mgm. per cent. Plasma proteins were low and edema 
general, with ascites. Four months after admission the plasma cholesterol was 
found to be 1113 mgm. per cent. During observation no significant change was 
found in the urine sediment. 

Case 29, Hospital No. 5^10. P. L., male, 28 years. Hemorrhagic Bright's 
disease. Active chronic terminal. 

Seven months before admission moderate edema gradually appeared. 

On admission abscesses were found at the roots of two teeth. The urine sedi¬ 
ment contained some erythrocytes and leucocytes and hyaline, epithelial and 
granular casts. The eyegrounds were normal. The heart size was normal. 
Wassermann reaction was negative. Blood urea nitrogen 44 mgm. per cent. 
Blood creatinine 1.62 mgm, per cent. 

Plasma albumin increased gradually until it approached normal levels. The 
urine sediment did not change much except for the appearance of broad casts 25 
months after admission. Sixteen months after admission a gradual rise began in 
the blood urea nitrogen and creatinine. Thirty-four months after admission 
they were 213 mgm. per cent and 8.58 per cent respectively, blood urea clearance 
12 per cent of normal. Lobar pneumonia occurred 29 months after admission 
caused by pneumococcus Type III. He made a good recovery. When seen 41 
months after his first admission, he had no complaints, his blood urea clearance 
was still 12 per cent of normal, and his general appearance was very good. He 
had then been 7 months at home unrestricted with regard to activity and diet. 

Case 30, Hospital No. 5699. N. J., male, 23 years. Hemorrhagic Bright's 
disease. Active chronic terminal. 

The last 3 years before admission he had several attacks of tonsillitis. After 
such an attack 15 months before admission edema appeared and albuminuria was 
found. The condition improved under treatment, but the patient developed 
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psoriasis, for which he was treated with chrysarobin. Two days later the edema 
reappeared and was present until admission. Three months before admission 
tonsillectomy was performed. After this the systolic blood pressure rose gradu¬ 
ally from normal to 145 mm. 

On admission some patches of psoriasis were present. The urine sediment 
contained some erythrocytes, a few leucocytes and hyaline casts, and many 
granular casts. The eyegrounds were normal, the blood pressure about 135/90, 
the heart somewhat enlarged to the left. Wassermann reaction was negative. 
Blood urea nitrogen 23 mgm. per cent. Blood creatinine 1.93 mgm. per cent. 

The edema and psoriasis disappeared rapidly. Since 2 months after admission 
the patient has been able to do clerical work. Twenty months after admission 
he had begun to suffer from attacks of headache and vomiting, and the blood 
pressure had then increased to 188/126. 

Case 31, Hospital No. 4212. H. M., male, 5 to 10 years. Height 105 to 
120 cm. Uemorrhagic Bright's disease. Active chronic terminal exitus. 

One brother of the mother died of acute uremia and another had acute hemor¬ 
rhagic nephritis. 

Six months before admission edema appeared and albuminuria was found. 
Both have persisted. 

On admission chronic tonsillitis was found. The urine sediment contained few 
erythrocytes and many granular casts. The eyegrounds were normal. The heart 
was not enlarged. Wassermann reaction was negative. Blood urea nitrogen 52 
mgm. per cent. Plasma cholesterol 780 mgm. per cent. 

Between the 54th and 60th months after admission blood creatinine rose from 
2.1 to 3.7 mgm. per cent and blood urea N from 67 to 234 mgm. per cent. Two 
day^ before death in uremia the figures had risen to 17.0 and 403 mgm. respectively 
No autopsy. 

Case 32, Hospital No. 5068. J. S., male, 15 years. Height 176 cm., ideal 
weight 61.3 kgm. F « 0.99. Hemorrhagic Bright's disease. Active chronic 
terminal exitus. 

Two years before admission he had scarlet fever followed by acute nephritis 
with hematuria, hypertension and edema. Since then persistent albuminuria and 
intermittent edema have been present. 

On admission the urine sediment contains very few hyaline and granular casts. 
The heart size was normal. Blood urea nitrogen 20 mgm. per cent. Basal 
metabolic rate -f3.2 per cent. 

During observation the number of casts increased. At the terminal stage broad 
casts are present. The systolic blood pressure rose steadily and reached 202/76 
before death. The diastolic pressure was never found to be increased. Enlarge- 
naent of the heart was first noticed 17 months after admission. The blood urea 
nitrogen and creatinine increased gradually and were 341 and 10.7 mgm. per cent 
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respectively, 4 days before death. Plasma albumin oscillated between 2.32 and 
3.08 per cent. No definite signs of uremia were present before death. No 
autopsy. 

Case 33. Hospital No. 5082. J. L., male, 16 to 20 years. Hemorrhagic 
Bright's disease. Active chronic —> terminal exitus. 

Three months before admission edema appeared and albuminuria was found. 

On admission adenoid hypertrophy was found. The urine sediment contained 
some erythrocytes and leucocytes and hyaline, granular, and cellular casts. The 
eyegrounds were normal. The heart size normal. Wassermann reaction was 
negative. Blood urea nitrogen 47 mgm. per cent. Creatinine 1.51 mgm. per 
cent. Plasma cholesterol was 457 mgm. per cent two months after admission. 
Thirty-nine months after admission the patient returned to hospital, complaining 
of weakness, vomiting and itching. He died 8 days later, from uremia, and a 
septicemia due to streptococcus hemolyticus. No autopsy. 

Case 34. Hospital No. 4410 and 5055. S. L., male, 18 to 20 years. Hemor- 
rhagic Bright's disease. Active chronic —♦ terminal exitus. 

Four months before admission edema appeared and albuminuria was found. 
One month later hypertension was found. 

On admission the urine sediment contained some erythrocytes, leucocytes, and 
erythrocyte casts, and many hyaline and granular casts. The eyegrounds show 
papillary edema and a few spots of exudate. The heart was somewhat enlarged. 
Blood urea nitrogen 30 mgm. per cent. Plasma cholesterol 715 mgm. per cent. 

During observation the urine sediment did not change significantly except 
for the number of erythrocytes present. Twenty-six months after admission 
blood urea nitrogen was 160 mgm. per cent and creatinine 5.7 mgm. per cent. 
Thirty-four months after admission blood urea nitrogen was 340 mgm. per cent 
and creatinine 20.3 mgm. per cent. 

Autopsy. Autopsy. No. 215/1924. Autopsy commenced 13 hours after 
death. 

Death in uremia. Cardiac hypertrophy. Small fresh areas of broncho¬ 
pneumonia. Serous fibrinous pericarditis. Serous fibrinous adhesive pleurisy. 
Ascites. Arteriosclerosis of the spleen. Moderate atheromatosis of the aortic 
cusp of the mitral valve, and of the coronary arteries. Advanced atherosclerosis 
of the aorta. 

Each kidney weighed 125 grams. The capsule stripped very readily. The 
surface was pale grayish in color and finely and coarsely granulated. Hemorrhages 
have not been recorded. The cortex was much narrowed and pale yellowish in 
color. The differentiation of cortex and medulla was obvious. 

Microscopic examination. All glomeruli are more or less severely diseased (fig. 7). 
They vary in size and are often very large. Mostly they are very rich in nuclei 
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(fig. 8), partly with increased numbers of endothelial cells, partly with accumula¬ 
tion of polymorphonuclear leucocytes. Frequently the tufts are thickened by 
protoplasmatic or hyaline masses so that the lumina can no more be recog ized. 
Most glomeruli are poor in erythrocytes. But single glomeruli or loops are uiiated 
with blood. Single glomeruli are necrotic. Frequently, the glomeruli contain 
much fat which in part is doubly refractive. The capsular spaces occasionally 
contain blood. Some glomeruli are adherent to the capsules. The capsules are 
mostly thickened by masses stained reddish yellow by Van Gieson. The capsular 
epithelial cells are increased in number in some instances. Occasionally one finds 
thick crescents rich in nuclei. Many glomeruli are entirely hyalinized (fig. 7). 

The parenchyma is penetrated by many scars which are rich in collagenous 
connective tissue and capillaries dilated with blood. Roimd cell infiltrations are 
frequent. Interstitial xanthoma-like cells have not been fou^nd. The tubules of 
these regions are in all stages of atrophy and degeneration up to entire disappear¬ 
ance. Part of them have undergone fatty degeneration. The better preserved 
tubules are dilated in part and contain coagulated protein, cellular detritus, some 
casts and desquamated epithelial cells. In some places they contain also some 
polymorphonuclear leucocytes. Part of their epithelial cells contain fat which 
may be doubly refractive. Hyaline-droplet degeneration has not been found. 

Some arterioli show a distinct endarteritis. Frequently they contain fat. 
The larger arteries show a moderate intimal hyperplasia. The medulla contains 
scars rich in collagenous connective tissue and capillaries dilated with blood. The 
medullary tubules are often atrophic or degenerated and filled by an exudate 
similar to that of the cortex. 

Anatomical diagnosis. Secondary contracted kidneys. Chronic glomerulo¬ 
nephritis. 

Case 35, Hospital No. 5409. M. K., female, 14 years. Height 149.5 cm. 
Hemorrhagic BrighVs disease. Active chronic -h pneumonia -* terminal + 
empyema —► exitus. 

When 12 years old she had a severe cold followed by albuminuria, edema and 
ascites. After 6 weeks these symptoms disappeared but returned one month 
before admission after another cold. 

On admission the urine sediment contained some erythrocytes, a few leucocytes 
and some hyaline and granular casts. The eyegrounds were normal, also the 
heart size. Wassermann reaction was negative. Blood urea nitrogen 27 mgm. 
per cent. Blood creatinine 1.30 mgm. per cent. 

Three months after admission the patient had atypical pneumonia followed by 
empyema, both caused by hemolytic streptococci. Thoracotomy was performed. 
After that the amount of casts increased and the blood pressure rose to about 
140/105. During the last month blood urea nitrogen rose to 178 mgm. per cent 
and bood creatinine to 8.0 mgm. per cent. Death occurred from emaciation and 
cardiac weakness. No autopsy. 




Fig. 5. Case 23. Anatomical diagnosis: subacute glomerulonephritis. C'lini- 
cal <liagnosis: terminal hemorrhagic nephritis developing directly from acute. 

The tufts of the glomeruli are clotted with hyaline masses. The covering cells 
of the tufts as well as the parietal epithelial cells are greatly increased in number 
forming crescents, d'he tubules are degenerated and, in a few places, contain 
polymorphonuclear leucocytes (a). Zenkers, iron-hematoxylin-eosin. X6(). 

Fig. f). (/ase 2.S. For diagnosis see figure 5. 

7'he tuft of the glomerulus is clotted with hyaline masses and empty of blood. 
The endothelial cells are necrotic in part. The glomerular space is filled by a large 
crescent consisting of granulation tissue. The interstitial tissue is infiltrated by 
round cells. Zenkers, iron-hemato.xylin-eosin. X200. 

Fig. 7. Case 34. Anatomical diagnosis: chronic glomerulonephritis. Clinical 
diagnosis; terminal hemorrhagic nephritis. 

Some glomeruli arc enlarged and rich in endothelial cells and polymorphonuclear 
leucocytes. Some of the tufts are clotted and, in a few places adherent to the 
capsules (a). Other glomeruli are entirely hyalinizcd. Fhc tubules are in all 
stages of atrophy and degeneration. The interstitial tissue is thickened. Zenk¬ 
ers, iron-hematoxylin-eosin. 

Fig. 8 . Case 34. For diagnosis see figure 7. 

The glomerulus is enlarged and rich in endothelial cells and polymorphonuclear 
leucocytes. The loops are clotted and, in one place adherent to the capsule. 
Zenkers, iron-hematoxylin-eosin. X2(X). 
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Case 36. Hospital No. 5178. R. N., male, 38 years. IIcmorr/iai>ic Bright's 
disease. Active chronic -> terminal - >■ cxitus. 

Nine months before admission edema appeared and hypertension, albuminuria 
and hematuria were found. 

On admission the urine sediment contained a few erythrocytes and some casts. 
The eyegrounds were normal. Chronic tonsillitis was found. The heart was 
slightly enlarged. Jllood urea nitrogen 45 mgm. per cent. Rlood creatinine 
1.71 mgm. per cent. Basal metabolic rate —4.6 per cent. 

I^'ive months after admission tonsillectomy was performed. Tour months 
later retinal hemorrhages and papillary edema and hypertension appeared. "4he 
urine sediment contained many hyaline, granular, and ery throcyte casts and a few 
doubly refractive bodies. Blood urea nitrogen was 53 mgm. per cent and blood 
creatinine 2.33 mgm. per cent. 

During the next 4 months exudative albuminuric retinitis set in. Thirteen 
months after admission the Idood pressure was 216/134, blood urea nitrogen 86 
mgm. per cent and blood creatinine 4.29 mgm. per cent. Plasma albumin had 
now increased to 2.66 per cent. The last 3 months before death blood urea 
nitrogen rose to a maximum of 119 mgm. per cent, blood creatinine to 9.38 mgm. 
per cent. The urine sediment contained many broad granular renal failure casts 
(Addis, 1925). 'I'he death was cardiac in type. The autopsy showed cardiac 
hypertrophy, terminal hemorrhagic Bright’s disease, and congestion of the organs. 

Case 37. Hospital No. 5763. Cl. B., male, 56 years. Ilcmorrhaffic Bright's 
disea.se. Chronic active -> terminal »■ exitus. 

4'hree months before admission slight edema appeared and the urine was found 
to contain a trace of albumin and a few hyaline cases. At the same time the 
systolic blood pressure was found to be 190 mm. Blood pressure determinations 
8, 7 and i years before admission had shown normal figures. 

On admission the urine sediment contained many ery throcytes and some 
leucocytes and hyaline, granular and erythrocyte casts. The heart size was 
normal. Blood urea nitrogen 27 mgm. per cent. Blood creatinine 2.10 mgm. 
per cent. 

During observation the number of granular casts was increased somewhat. 
One week before death blood urea nitrogen was 300 mgm. per cent. Death 
occurred in uremia. 

Autopsy. Autopsy No. 293/1928. .\utopsy^ commenced 22 hours after death. 

Death in uremia. Uremic hemorrhages in the intestine. Cardiac hypertrophy. 
Fresh bronchitis with small bronchopneumonic areas. Serofibrinous pleuri.sy'. 
Serous pericarditis. Arteriosclerosis of the spleen. Moderate atheromatosis of 
the aortic cusp of the mitral valve, of the coronary arteries and of the aorta. 

The right kidney weighed 70, the left 60 grams. 4'he capsule stripped with 
difficulty'. The kidneys were firm. Their surfaces were grayish in color and 
finely' and coarsely' granulated. Blood dots were not seen. The cortex was much 
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narrowed and yellowish gray in color. It was fairly well marked off from the 
medulla which was striped brown and yellowish. 

Microscopic examination. Nearly all glomertdi are more or less altered (fig. 9). 
One-third of them are entirely hyalinized. Most of the rest are of usual size, 
but part are enlarged. Most of their tufts are much clotted and can no longer be 
differentiated distinctly (fig. 10). Most of them contain few or no erythrocytes. 
Frequently, they contain increased numbers of nuclei. Necroses of the loops are 
rare. In a few glomeruli one finds hemorrhages. The glomeruli are frequently 
adherent to the capsules. These are frequently thickened by masses stained red 
by Van Gieson. In a few places one sees proliferations of the parietal epithelial 
cells. In some instances one sees even crescents, some of which show spaces filled 
with blood between the layers. But these changes are insignificant in contrast to 
the intracapillary ones. Occasionally, the glomeruli contain a little fat. 

The parenchyma of the kidneys is much destroyed and penetrated by scars 
between which preserved and dilated tubules stand out like islands. The tubules 
are found in all stages of atrophy and degeneration. Their epithelial cells are 
mostly flattened and frequently show irregular fatty degeneration. Hyaline- 
droplet degeneration cannot be found. In the lumina of the tubules one sees 
some desquamated epithelial cells, a large amount of coagulated protein, and in a 
few places also polymorphonuclear leucocytes. 

The interstitial tissue is ofte:'. enlarged and rich in collagenous connective tissue 
and capillaries dilated with blood. In some places it contains infiltrations of 
round cells. Interstitial lipoid cells cannot be found. The arterioli are mostly 
well preserved. A few show endarteritis. A few also are hyalinized and contain 
fat. The larger arteries show an intimal hyperplasia. 

Anatomical diagnosis. Secondary contracted kidneys. Chronic glomerulo¬ 
nephritis. Secondary arteriosclerosis. 

Case 38, Hospital No. 5340. E. S., female, 31 years. Hemorrhagic Bright's 
disease. Terminal exitus. 

The patient has always been subject to sore throat. Eleven years before 
admission she had acute nephritis of one month^s duration. Three years later 
edema occurred for the first time; it persisted most of the time until a few months 
before admission. The last year headache and dyspnoea appeared. 

On admission the urine sediment contained a few erythrocytes, leucocytes and 
hyaline casts. The eyegrounds showed fresh hemorrhages and papillary edema. 
The heart was increased in size. Wassermann reaction was negative. Blood 
urea nitrogen 40 mgm. per cent. Blood creatinine 3.31 mgm. per cent. Basal 
metabolic rate -f- 9.7 per cent. 

Eleven months after admission the casts had practically disappeared from the 
urine, the blood urea nitrogen was 85 mgm. per cent and blood creatinine 4.81 
mgm. per cent. 

Twenty-four months after admission the blood urea nitrogen was 3.4 mgm. per 
cent and blood creatinine 16.35 mgm. per cent. Death occurred in uremia. 
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Autopsy, Autopsy No. 277/1927. Autopsy commenced li hours after death. 

Death in uremia. Uremic hemorrhages in the intestine. Cardiac hypertrophy. 
Fresh bronchitis and obliterative bronchiolitis. Fresh serofibrinous adherent 
pleurisy of the right cavity. Fresh serofibrinous pericarditis. Fresh perisplenitis 
and perihepatitis. Advanced arteriosclerosis of the spleen. Advanced athero¬ 
sclerosis of the abdominal aorta, and of the coronary arteries Moderate athero¬ 
matosis of the thoracic aorta and of the aortic cusp of the mitral valve. 

The right kidney weighed 55, the left 65 grams. The capsule stripped with 
difficulty. Both kidneys were firm. Their surfaces were very finely granulated 
and grayish in color. Small hemorrhages were numerous. The cortex was 
much narrowed, yellowish gray in color and contained fine blood dots. It was 
not well marked off from the medulla. 

Microscopic examination. All glomeruli are more or less severely damaged 
(fig. 11). They are of varying, frequently enormous, size and are in all stages of 
hyalinization up to entire hyaline change. Mostly they are very rich in nuclei, 
(fig. 12), partly of proliferated endothelial cells and partly of polymorphonuclear 
leucocytes which are much increased in number. Their tufts are filled with 
hyaline or protoplasmatic masses. Most of them are poor in blood. But, in 
some instances, they contain capillaries well filled with erythrocytes. Some 
glomeruli are necrotic and contain blood within their spaces. Frequently, the 
glomeruli contain fat, part of which is doubly refractive. In the glomerular spaces 
one sees also coagulated protein. The glomeruli are mostly adherent to the cap¬ 
sules. The parietal epithelial cells are partly intact. In other places they are 
increased in number (fig. 12). Frequently one sees also crescent formations, but 
these changes are insignificant in contrast to the intracapillary changes. Many 
glomeruli are entirely hyalinized. 

Th^ parenchyma is penetrated by many scars which are rich in collagenous 
connective tissue and contain many round cell infiltrations. They are rich in 
capillaries dilated with blood, and contain a fair number of calcified areas and 
chains of xanthoma-like lipoid cells (fig. 13). Occasionally one sees polymor¬ 
phonuclear leucocytes entering the tubules. The tubules of these regions are in all 
stages of atrophy and degeneration up to entire disappearance. Their epithelial 
cells contain often much fat, part of which is doubly refractive. Between the 
scars small islands of better preserved tubules are seen, the lumina of which 
contain coagulated protein, some desquamated epithelial cells, some casts, and 
occasionally also polymorphonuclear leucocytes. The epithelial cells of the 
ascending loops are in places swollen (fig. 11) and contain much fat. Hyaline- 
droplet degeneration is rare and insignificant. 

The arterioli show often an endarteritis, partly of high degree (fig. 11), and 
occasionally necroses of their walls. Some arterioli are hyalinized and infiltrated 
with fat. The larger arteries show an advanced intimal hyperplasia and in a few 
places also calcification. Also the medulla contains many scars rich in round 
cell infiltrations and capillaries dilated with blood. 
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Anatomical dia^^nosis. Secondary contracted kidneys. Chronic crlomerulo- 
nephritis. Secondary arteriosclerosis. 

Case 39. Hospital Xo. 6215. H. H., male, M \'ears. Hemorrhagic Bright's 
disease. Terminal, following 7 years latent -+exitus. 

T'he patient had had hematuria following exposure in trenches during the war, 
10 years before admission. He had had edema at that time which persisted for 
five months. He was then told that there was a quantity of albumin in his urine. 
The patient had been symptom free during the following seven years. At the 
end of that period, or 3 years before admission to hospital, he had felt weak. He 
was told then that he had high blood pressure. Sym[)toms of headache, nocturia, 
and blurring of vision soon followed. Five weeks before admission hemorrhage 
from the gums had occurred, also a generalized body itch. 

On admi.ssion to hospital, the patient was in uremia. Physical examination 
revealed signs of valvular di.sea.se of (he heart, and cardiac enlargement. The 
blood pressure measured PAl mm. systolic and 124 mm. diastolic. The blood 
urea iV was 158 mgm. per cent, and the plasma XTkV 177 mgm. per cent. The 
{)hthalein excretion was but a trace in 2 hours. J'he urine contained 2 grams of 
albumin daily. Numerous red blood cells and .\ddis’ failure casts were observed 
in the .sediment. 

During the few da\'s that tfie patient was under observation, uremic .symptoms 
became more aggravated. Bronchopneumonia developed and hastened death. 

Autopsy. No. 286/1927. Autopsy commenced 17 hours after death. 

Death b\' coniluent bronchopneumonia, ('ardiac hypertrophy. Serofibrinous 
pleurisy and pericarditis, ('artilagenous peri.splenitis. Old healed endocarditis. 
Advanced arteriosclerosis of the spleen. Advanced atherosclerosis of the coronary 
arteries. Moderate atheromatosis of the aortic cusp of the mitral valve and of 
the aorta. 

The kidneys were extremely small. The right kidney weighed 50, the left 40 
grams. 'The capsulc.s stripped with difiiculty. Both kidneys were firm. Their 
surfaces were finely granulated and yellowish gray in color, showing a number of 
small blood dots, d'he cortex in each was much narrowed and similar in color 
to the surface. T'he dilYercntiation between cortex and medulla was indistinct. 

Microscopic examination. Nearly all glomeruli are more or less diseased (fig. 14). 
Many glomeruli are hyalinizcd and stained yellowish red by \'an Gieson. The 
others vary in size and are usualh' poor in blood. Only a few are well filled with 
blood. 4'he loops of these glomeruli are much clotted by protoplasmic and 
hyaline masses. Frequently they show some increase in the number of nuclei 
(fig. 15). Most of the glomeruli are adherent to the capsules, frequently to a 
large extent. Typical necroses of the glomeruli have not been seen. In the 
glomerular spaces one finds occasionally coagulated protein. In some instances 
the capsules are thickened by masses stained red by Van Gieson. The covering 
cells of the tufts as well as the parietal epithelial cells are frequently increased in 
number (fig. 15). Typical crescents are not seen. 
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The parenchyma of the kidneys is penetrated by many large scars which are 
rich in collagenous connective tissue and capillaries dilated with blood. Fre¬ 
quently they contain round cell infiltrations. The tubules of these regions are in 
all stages of atrophy and degeneration. Between the scars relatively few islands 
of better preserved tubules are seen which are dilated and filled with coagulated 
protein, hyaline droplets, some desquamated epithelial cells and some poly- 
mori)honuclear leucocytes. Some of their epithelial cells arc llattened. Others 
are swollen. Occasionally one sees signs of regeneration. Many hyaline casts 
are seen within the tubules. 

The arterioli show a high degree of endarteritis and occasionalh^ hyalinization 
of their walls. The larger arteries show an advanced intimal h\ pcrplasia which 
frequently has led to occlusion of the arteries. They are very rich in elastic and 
collagenous fibres. 'J'he tubules of the medulla are partly degenerated and are 
filled '.vith a similar exudate to that of the cortex. 

Anatomical dia^iwsis. Secondary contracted kidneys. Chronic glomerulo¬ 
nephritis. Secondary arteriosclerosis. 

Case 40. tfosfiital N'o. .St 19. R. S., female, 31 years. Hemorrhagic Bright's 
disease. Terminal -->exitus. 

Seven }'ears before admission the patient had diphtheria. A few months later 
edema appeared and albumin and casts were found in the urine. During the 
next 4 years she had intermittent edema, which reappeared after a severe cold 6 
months before admission. The last two months nausea and vomiting were 
present. 

On admission gingivitis and pyorrhea alveolaris are found. I he urine sediment 
contains a few erythrocytes and leucocytes and some hyaline and granular casts. 
The eyegrounds show papillary edema, hemorrhages, and white streaks of 
degeneration. The heart is enlarged. Blood urea nitrogen 188 mgm, per cent. 
Blood creatinine 4.9 mgm. per cent. Plasma cholesterol 37.S mgm. per cent. 
Basal metabolic rate —21,4 per cent. 

During observation the patient complained of headache and itching of the 
skin. The blood pressure rose to 190/120 and the blood creatinine to 9.10 mgm. 
pel cent. Six months after admission the patient died at home with a hemiparesis. 
No autopsy. 

Case 41. Hospital No. 6180. M. F., female, v50 years. Hemorrhagic Bright's 
disease. Terminal ->exitus. 

The patient had had severe headaches 4 years before admission. She had been 
told her blood pressure was 170 mm. at that time, also that there was albumin in 
her urine. After removal of her tonsils one year later, her blood pressure had 
fallen to 130 mm. One year prior to admission recurrent vomiting attacks had 
occurred. These attacks had become more frequent during the year. Edema 
had started two months before admission. At no time had there been gross 
hematuria or edema. 



Fig. FF Ciise 3S. For diagnosis see figure 11. 

The interstitial tissue contains a large nest of xanthoma-like lipoid cells. The 
tubulej^ have undergone fatty degeneration. IVluellcr formalin fixation, elastica- 
Van Gieson. X20(). 

Fig. 14. Ca.se Anatomical diagnosis: chronic glomerulonephritis. Clinical 
diagnosis: terminal hemorrhagic nephritis, 

d'he tufts of the glomeruli are clotted and frequenth' adherent to the capsules 
((;). The cov’ering cells of the tufts arc increased in number {b). The arlcrioli 
show an endarteritis. The tubules are atrophic and degenerated in part, and 
contain desquamated epithelial cells, polymorphonuclear leucocytes and co¬ 
agulated protein. Zenkers, iron-hematoxylin-eosin. XOO. 

Fig. 15. Case ^9. h"or diagnosis see figure 14. 

The loops of the glomerulus are clotted and frequently adherent to the capsule. 
The endothelial cells of the glomerulus, the covering cells of the loops, and the 
jiarietal epithelial cells are increased in number. In (a) marked endarteritis of 
the afferent arteriolus. In the tubules (b) polymorphonuclear leucocytes and 
cellular detritus. JMueller-formalin fixation, iron-hematoxylin-eosin. X200. 

Fig. 16. Case 41. Anatomical diagnosis: combined chronic glomerulonephritis, 
arterial and arteriolar sclerosis, and pyelonephritis. Clinical diagnosis: terminal 
hemorrhagic nephritis, plus arteriosclerotic nephritis. 

'I'he glomerular spaces are much dilated. Many glomeruli are hyalinized (a). 
The arteries show an advanced degree of arteriosclerosis (b). Some of the tubules 
are dilated and contain casts and some cellular detritus. Mueller-formalin 
fixation, iron-hemato.\yIin-cosin. X60. 
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On admission to hospital there was cardiac enlargement but no signs of valvular 
disease. Both kidneys were palpable. The urine showed a quantity of albumin. 
The urinary sediment contained numerous red blood cells, no casts were seen. The 
blood urea N was 44 mgm. per cent, creatinine 4.5 mgm. per cent. NPN was 78 
mgm. per cent, the plasma cholesterol 300 mgm. per cent. The 2-hour return of 
phthalein was 21 per cent of the amount intravenously injected. 

During the 7 months that the patient was under observation, the blood urea N 
increased from 44 mgm. to 128 mgm. per cent, and the creatinine to 9.2 mgm. 
per cent. The phthalein excretion fell gradually to 5 per cent return of the dye in 
2 hours. During the last 4 months the patient vomited continually and often 
became semi-comatose. Hemorrhages appeared in the fundi, and symptoms of 
Increasing heart failure occurred. The patient died in uremic coma. 

Autopsy. Autopsy No. 303/1928. Autopsy commenced 3 hours after death. 

Uremic hemorrhages in the intestine. Cardiac hypertrophy. Small areas of 
bronchopneumonia. Serous pericarditis. Advanced arteriosclerosis of the spleen. 
Advanced atherosclerosis of the coronary arteries. Moderate atheromatosis of 
the aortic cusp of the mitral valve and of the aorta. 

Each kidney weighed about 70 grams. The capsule stripped easily. Both 
kidneys were firm. The surface was coarsely granulated, showing brown red 
decpenings and yellowish elevations. The cortex was much narrowed and could 
no longer be differentiated from the medulla. The cut surface was yellowish and 
mottled red brown. In a few places of the medulla small abscesses were seen 
containing pale yellowish pus (Staphylococcus aureus, B. Proteus). The mucous 
membrane of pelvis and ureter of both sides was swollen and contained large 
hemorrhages. Also in the bladder a number of small hemorrhages were seen. 
Microscopically these organs showed the picture of a fresh hemorrhagic inflamma¬ 
tion containing Gram positive cocci. 

Microscopic examination. Nearly all arterioli are severely diseased (figs. 16 and 
17). They are rich in hyaline and, in part, contain fat. Many arterioli show 
endarteritis of varying degree. In these vessels one finds occasional necroses of 
the walls as demonstrated by decay of the tissue and by the appearance of material 
stained bluish by Gram. In the larger arteries one sees an advanced degree of 
intimal hyperplasia. 

A very large number of glomeruli are entirely hyalinized and many are stained 
red by Van Gieson. Others are stained yellowish. The remaining glomeruli 
are very irregular in size and show tufts empty of blood and clotted with protoplasma 
and hyaline substances. A few seem to be well preserved and filled with blood. 
Occasionally one sees necroses of the tufts (fig. 18). Some more severely changed 
glomeruli are adhesive to the capsules and contain fat. The glomerular spaces 
are much dilated (fig. 16). Frequently one sees coagulated protein in these spaces. 
In many instances, the capsules are thickened by masses stained red by Van 
Gieson. 

The parenchyma of the kidneys Is penetrated by diffuse scars which are rich in 
collagenous connective tissue and capillaries dilated with blood. Frequently they 
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contain round cell infiltrations and occasionally calcium. The tubules of these 
regions are in all stages of atrophy and degeneration up to entire disappearance. 
Their lumina are filled with hyaline casts. The tubules of the better preserved 
regions are extremely dilated and contain coagulated protein, casts, some des¬ 
quamated epithelial cells, and, in some places, also hemorrhages and polymor¬ 
phonuclear leucocytes. The epithelial cells are flattened and some contain fat. 

The medulla contains some large areas the centers of which are necrotic and 
filled mainly with polymorphonuclear leucocytes which are often degenerated 
(fig. 19). These areas are surrounded by young granulation tissue. The sur¬ 
rounding tissue is much changed. Its tubules are degenerated and filled by many 
polymorphonuclear leucocytes. The interstitial tissue, here, is edematous and 
infiltrated by many polymorphonuclear leucocytes. Frequently one finds 
hemorrhages. 

Anatomical diagnosis. Combined primary and secondary contraction kidneys. 
Arterio- and arteriolosclerosis. Chronic glomerulonephritis. Fresh hemorrhagic 
purulent pyelonephritis (Staphylococcus aureus, B. Proteus). 

Case 42. Hospital No. 5755. F. F., male, 31 years. Hemorrhagic Bright*s 
disease. Terminal, following latent exitus. 

The patient had had gross hematuria, not accompanied by edema, 3 years prior 
to admission. He had been told that he had Bright^s disease at that time. He 
had had no known infection previously. Hematuria soon subsided and he had 
felt quite well. Apparently the disease became latent for about 2 years. Eight 
months before admission, however, his feet became swollen. Four months later 
daily vomiting attacks had occurred. One month before admission he had become 
very dyspneic. 

On admission the patient was in uremia. There was pitting edema of lower 
extiiemities. The blood pressure was 198 mm. systolic, and 104 mm. diastolic. 
The blood urea N was 175 mgm. per cent, the creatinine 15 mgm. per cent, and the 
hemoglobin 6.7 volumes per cent O 2 capacity. A 12-hour concentrated specimen 
of urine revealed an excretion of 1.0 gram of protein, 1,500,000 red blood cells, 
800,000 white blood cells and epithelial cells, and 54,240 casts, all of which were of 
the Addis failure type. 

The patient was under observation but 4 days before death. During that time 
the blood urea N increased to 187 mgm. per cent, and the creatinine to 16.6 mgm. 
per cent. The patient’s death was hastened by bronchopneumonia. 

Autopsy. Autopsy No. 268/1926. Autopsy commenced 14 hours after death. 

Cardiac hypertrophy. Confluent bronchopneumonia. Serofibrinous adherent 
pleurisy. Serofibrinous pericarditis. Ascites. 

The right kidney weighed 110, the left 150 grams. The capsule stripped with 
difficulty. Both kidneys were doughy in consistency. The surface was slightly 
granulated and mottled yellowish red. Blood dots were not noted. The cortex 
was similar in color to the surface and well marked off from the medulla. 



Fig. 17. Case 41. For diagnosis see figure 16. 

Nearly all glomeruli (</) and arterioli (/>) are hyalinized. The larger arteries 
show an advanced intimal hyperplasia. The parenchyma is penetrated by 
diffuse scars. J’he remaining tubules are dilated and contain h\'aline casts. 
jVIueller-formalin fixation, elastica-Van Gieson. X60. 

Fig. 18. (.'ase 41. For diagnosis see figure 16. 

Necrosis of a whole glomerulus. Endarteritis of the afferent arteriolus (</). 
The surrounding tissue is infiltrated with round cells. Muellcr-formalin fixation, 
iron-hematoxylin-eosin. X 200. 

Fig. 19. Case 41. For diagnosis see figure 16. 

Purulent necrotic area (rz) in the medulla. The surrounding tissue contains 
polymorphonuclear leucocytes, round cells and >a)ung fibroblasts. 4’he tubules 
are filled with polymorphonuclear leucocytes (/>). Zenkers, methylcne-blue-eosin. 
X200. 

Fig. 20. Case 42. Anatomical diagnosis: chronic glomerulonephritis, (dinical 
diagnosis: terminal hemorrhagic nephritis. 

The loops of the glomeruli are almost entirely clotted and adherent to the 
capsules to a great extent. The capsules arc thickened in most instances. Some 
glomeruli are entirely hyalinized. The parenchyma is penetrated by diffuse 
scars the tubules of which are in all stages of atrophy and degeneration. Zenkers, 
iron-hematoxylin-eosin. X6(). 
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Microscopic examination. All glomeruli are severely diseased (fig. 20). Their 
tufts arc almost entirely clotted and arc adherent to the capsules to an extreme 
extent (fig. 21). Single loops can be recognized only with difiiculty. Some of the 
glomeruli are emptx' of blood and consist of protoplasmic and hyaline masses. 
Others are necrotic and show hemorrhages in the glomerular spaces. In most 
instances these spaces are missing. Tn a few places one sees typical crescents 
(lig. 21). Most of the capsules are concentrically thickened and part are rich in 
nuclei. Many glomeruli are entirely hyalinized (fig. 20). 

'rhe parenchyma of the kidneys is i)cnctrated by diffuse scars which are riel 
in collagenous connective tLssuc and capillaries dilated with blood. Frequently 
lhe\' contain round cell infiltrations. 'I'he tubules of these regions are in all stages 
of atrophy and degeneration. Between these scars .some islands of better pre- 
scr\’ed tubules are seen which are dilated and tilled with coagulated protein, 
pohmorphonuclear leucocytes and some desquamated epithelial cells and casts 
(source of Addis’ “renal failure casts”). 'Their ei)ithelial cells are frequently 
llattened. 

'The arterioli show varying degrees of endarteritis. A few are hyalinized. 
'file larger arteries show a moderate degree of intimal hyperplasia. 

Anatomical diagnosis. Secondary contracted kidnexs. Chronic glomeru¬ 
lonephritis. 

Case 43. Hospital Xcj. 4845. A. B., male, 7 \cars. Hemorrhagic Bright’s 
disease. 'Terminal exitus 

About 2.J- years before admission the patient had repeated tonsillitis, and 
albuminuria was found, 'fhis disappeared after tonsillectomy (2 years before 
admission), but soon reappeared and had persisted since. About 15 months before 
admission edema was present for 2 or 5 weeks. 'Three months before admission 
he had a period of vomiting. 

Oil admission the urine sediment contained a few erythrocytes, leucocytes and 
granular casts. 'The eyegrounds were normal. 'The heart was not enlarged. 
W'assermann reaction negative. Blood urea nitrogen 196 mgm. per cent. Blood 
creatinine 5.08 mgm. per cent. 

Uremia was present throughout observation. 'The systolic blood pressure 
remained about 100 mm. 'The diastolic gradually fell to 40. 'The blood urea 
nitrogen rose to 692 mgm. per cent and creatinine to 16.5 mgm. per cent. Death 
occurred in uremia. Xo autop.sy. 

Case 44. Hospital Xo. 4661. IM. F., female, 25 years. Hemorrhagic Bright’s 
disease. 'Ferminal exitus. 

Between 5 and l-l x ears before admission the patient had 3 attacks of peri¬ 
tonsillar abscess. After the last attack tonsillectomy was performed. 'Fwo 
months before admi.ssion edema gradually appeared. 

On admission the urine sediment contained many erythrocx’tes and leucocytes, 
some hyaline, granular, and cellular casts, and a few erythrocyte casts. 'Ihe 
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eyegrounds showed papillary edema and exudates and a few hemorrhages. The 
blood pressure was 180/120. The heart enlarged. Wassermann reaction nega¬ 
tive. Blood urea nitrogen 87 mgm. per cent. 

During the first month of observation the blood pressure fell to 155/100 and re¬ 
mained at this level for 6 months. Fourteen months after admission it was 115/80. 
At this time the retinitis had also practically disappeared. Blood urea nitrogen 
rose slowly, however, and was 208 mgm. per cent 14 months after admission. 

The patient died at home 25 months after admission. 

Case 45, Hospital No. 6498. L. K., male, 39 years. Hemorrhagic BrigMs 
disease. Terminal —► exitus. 

The patient had had a nephrectomy (right) 6 years before admission for renal 
calculus. Gross hematuria had occurred 4 years later, clearing up spontaneously. 
Hematuria again occurred the following year, lasting a few days. The left kidney 
pelvis had been irrigated frequently for a year preceding admission. Six weeks 
before admission headaches started. These were accompanied by blurring of 
vision and attacks of vomiting. 

On admission the patient was in uremia. The blood pressure measured 165 
mm. systolic, and 115 mm. diastolic. The blood urea N was 108 mgm. per cent, 
and the NPN of the plasma was 138 mgm. per cent. The urine sediment contained 
large numbers of red blood cells and broad Addis failure casts. The protein 
excretion in the urine was heavy. Only a faint trace of phenolsulphonephthalein 
was returned in 2 hours. 

During the month that the patient was under observation, the blood urea N 
rose to 178 mgm. per cent. The blood pressure remained elevated. The day 
preceding death the blood creatinine was 26.4 mgm. per cent. 

Autopsy, Autopsy No. 305/1928. Autopsy commenced 1 hour after death. 

Death in uremia. Cardiac hypertrophy. Serous fibrinous pericarditis. 
Chronic cholelithiasis. Advanced atherosclerosis of the aorta. 

The right kidney was missing, also the right ureter (nephrectomy). The 
left kidney weighed 125 grams. Its capsule stripped with difiiculty. The surface 
was finely and coarsely granulated. Blood dots were not noted. On section the 
kidney showed a dilated pelvis with very little parenchyma remaining. Cortex 
and medulla could not be differentiated. They were grayish brown in color. 
The left ureter was dilated from the pelvis to the ureteral opening in the bladder. 

Microscopic examination. All glomeruli are more or less diseased. Some are 
very large and rich in nuclei. Others are hyalinized. Their capillary loops are 
frequently clotted and empty of blood (fig. 22). Some contain many polymor¬ 
phonuclear leucocytes. Occasionally one sees necroses and fibrin in the tufts. 
Most of the glomeruli are adherent to the capsules. The covering cells of the tufts 
are frequently increased in number and desquamated (fig. 22). The capsules are 
concentrically thickened in places by masses stained red by Van Gieson. 

The parenchyma is penetrated by many scars which are rich in collagenous 
connective tissue and capillaries dilated with blood. Frequently one sees round 
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ceU infiltrations. The tubules of these regions are in all stages of atrophy and 
degeneration up to entire disappearance. Between the scars one sees islands of 
better preserved tubules, most of which are dilated and filled with coagulated 
protein, casts, relatively many desquamated epithelial cells, and some pol)mior- 
phonuclear leucocytes. Their epithelial cell^ are swollen and degenerated. 
Hyaline-droplet degeneration is distinct in a few places. Occasionally one sees 
signs of regeneration. 

The arterioli show a moderate endarteritis and, in some places a slight hyaliniza- 
tion. The larger arteries are in an advanced stage of intimal hyperplasia. The 
tubules of the medulla are dilated and filled with a similar exudate to that of the 
cortex. 

Anatomical diagnosis. Secondary contracted kidney. Chronic glomerulo¬ 
nephritis. Hydronephrosis. Secondary arteriosclerosis. 

Case 46. Hospital No. 5388. B. G., male, 24 years. Hemorrhagic BrigMs 
disease. Terminal -> exitus. 

Seven months before admission the patient had sore throat and bronchitis. 
This was followed by edema and hematuria. 

On admission chronic tonsillitis and pyorrhea alveolaris were found. There 
was a left dry pleurisy and some dullness over the left apex. No r^les. The 
urine sediment contained some erythrocytes, leucocytes and hyaline and granular 
casts. The eyegrounds were normal. The blood pressure was about 120/80, 
the heart somewhat increased. Wassermann reaction negative. Blood urea 
nitrogen 108 mgm. per cent. Blood creatinine 5.77 mgm. per cent. Basal 
metabolic rate —18.7 per cent. 

Between 3 and 12 months after admission the blood pressure rose to 146/90, 
blood urea nitrogen to 462 mgm. per cent and blood creatinine to 30.0 mgm. per 
cent. Death occurred in uremia. 

This case is of especial interest because it ran its entire observed course with practi¬ 
cally normal blood pressure. 

Case 47. Hospital No. 6523. E. F., male, 54 years. Hemorrhagic Bright^s 
disease. Terminal arteriosclerosis exitus. 

The patient had been told 3 years before admission that his blood pressure was 
high. Six nionths before admission he had had a collapse while working. His 
systolic blood pressure level at that time had been 300 mm. Dyspnea had 
continued to become aggravated for six months prior to his admission. 

Peripheral arteries were thickened and tortuous. The blood pressure was 
190/130. There was cardiac enlargement and moderate edema. The blood 
urea N was 45 mgm. per cent, the non-protein nitrogen 70 mgm. per cent, and the 
hemoglobin 17 volumes per cent O 2 capacity. The phthalein excretion was 16 
per cent in 2 hours. The plasma cholesterol was 195 mgm. per cent. A con¬ 
centrated specimen of urine revealed an excretion of 74,000,000 red blood cells, 
3,000,000 white blood celk and epithelial cells and 970,000 casts in 12 hours. 



Fig. 21. Case 42. For diagnosis sec figure 20. 

The loops of the glomerulus are entirely clotted with protoplasmic and hyaline 
masses and arc adherent to the capsule. The capsule is thickened. In (a) a 
crescent formation. In the tubule (/>) one sees some polymorphonuclear leuco¬ 
cytes. Zenkers, iron-hematoxylin-eosin. X200. 

Fig. 22. Case 45. Anatomical diagnosis: chronic glomerulonephritis. Clinical 
diagnosis: terminal hemorrhagic nephritis. 

The glomerulus is enlarged and rich in endothelial cells and polymorphonuclear 
leucocytes. The loops are clotted with hyaline and protoplasmic masses and are 
adherent to the capsule. The covering cells of the tufts and the parietal epithelial 
cells are increased in number. Zenkers, iron-hematoxylin-eosin. X20(). 

Fig. 23. Case 47. Anatomical diagnosis: combined chronic glomerulonephritis 
and arterio- and arteriolar sclerosis. Clinical diagnosis: nephritis, terminal 
hemorrhagic and arteriosclerotic. 

The tufts of all glomeruli are clotted with hyaline and protoplasmic masses. 
Some glomeruli arc enlarged and adherent to the capsules (u). The covering 
cells of the tufts and the parietal epithelial cells are frequently increased in number 
(h). The capsular spaces arc dilated and filled with coagulated protein and some 
desquamated cells (c ). ^Many glomeruli arc entirely hyalinized. 'J'he parenchyma 
is penetrated by scars which contain tubules in all stages of degeneration and 
atrophy. Mueller-formalin fixation, iron-hematoxylin-eosin. X60. 

Fig. 24. Case 47. For diagnosis sec figure 23. 

The glomerulus is enlarged and contains somewhat increased numbers of endo¬ 
thelial cells. The loops are clotted with protoplasmic and hyaline masses. In 
(a) one sees a necrosis of a loop. Mueller-formalin fixation, iron-hematoxylin- 






560 


COURSE OF bright’s DISEASE 


Of the casts, 12 per cent were of Addis’ failure t\'pc. The protein excretion in the 
urine was 10 ^;rams per day. T he plasma proteins were normal. 

During the subsequent nine months that the patient was under obser\ .vuun, the 
blood pressure remained elevated, the blood urea X varied between 45 mgm. per 
cent and 200 mgm. per cent. The phthalein excretion decreased to a trace in 2 
hours. T'he protein excretion in the urine decreased from 10 grams i)er day to 2 
grams per da>', but red blood cells and casts continued to be excreted in large 
numbers. Signs of increasing heart failure were present during ihe last five 
months; fluid accumulatecl to such an extent that it was necessary to perform a 
paracentesis. Throughout the last month of the patient’s ilhiess, extreme emacia¬ 
tion occurred. TTe blood urea N was 200 mgm. per cent during the last week of 
his illness. Death occurred after several hours in coma. 

Autopsy. Autopsy Xo. 525/1929. Autopsy commenced 11 hours after death. 

Death b>' cardiac and renal in.sulhciency. ('ardiac enlargement. Ascites. 
Old ndhesive pericarditis and pleurisy. Old healed endocarditis. Cholelithiasis. 
.Advanced arteriosclerosis of the spleen. Advanced atherosclerosis of the aortic 
cusp of the mitral va/\'e, of the coronary arteries and of the aorta. 

TTic right kidne>' weighed 55, the left 65 grams. Both kidneys were firm. 
The capsules stripped with dilliculty. The surface was finely and coarsely granu¬ 
lated and yellowish gray in color on a rod brown background. In a few places 
hlood dots were seen. T’he cortex was much narrowed and similar in color to the 
surface. Cortex and medulla could not well be differentiated. 

Murosi opic cxamimition. Nearly all glomeruli arc more or less changed and 
vary in size (fig. 25). A few are well Idled with blood. Most of them arc empty. 
Their tufts are ctnltcd ivith protoplasmic and hyaline nuisscs in most instances (fig. 24). 
Their nuclei appear to be increased in number. Frequently one sees partial 
necroses of the tufts (fig. 24). 'Fhe afferent arterioli are often dilated with blood. 
TTie glomeruli are adherent to the capsules in many places. Especially in these 
glomeruli one sees a marked increase in the number of the covering cells of the 
tufts, in some places one finds typical crescents. The capsular spaces are 
frequently dilated and cemtain coagulated protein, and desquamated epithelial 
cells. The ca])sules arc often thickened. Many glomeruli are entirely hyalinized 
and stained y ellowish or red by \’an (Jieson. The more severely changed glomeruli 
contain much fat, but no lipoids. 

The arteries and arterioli are severely diseased (fig. 25). The medial layer in the 
larger arteries is much thickened. Their intimal layer is in an advanced stage of 
intimal h\’perplasia. The lealls of fhe arterioli are frequently thickened and hy¬ 
alinized. Thc\’ are rich in fat in many instances. In some places they show 
endarteritis. Many smaller arteries are entirely closed. 

Ihc parenchyma of the kidneys is penetrated by many scars which are rich in 
collagenous connective tissue and capillaries dilated with blood. They contain 
round cell intdtrations. The tubules of these regions are in all stages of atrophy 
and degeneration up to entire disai>pearance. Between the scars islands of better 
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preserved tubules are seen some of which are dilated. Their epithelial cells are 
mostly flattened. The tubules of the cortex contain numerous casts, and in some 
places coagulated protein, cellular detritus and desquamated epithelial cells. At 
one place in the cortex one sees a well limited travecular cystoma (papillary 
adenoma) the epithelial cells of which are equal in size and do not showkaryokinetic 
figures. The interstitial tissue of the medulla is scarred in some places. 

Anatomical diagnosis. Combined primary and secondary contracted kidneys. 
Chronic glomerulonephritis. Arterio- and arteriolosclerosis. Papillary adenoma. 

Case 48. Hospital No. 6166. D. B., female (colored), 33 years. Hemorrhagic 
Bright^s disease. Terminal exitus. 

From 6 to 3 months before admission edema of the feet was present. It re¬ 
appeared one month before admission. 

On admission the urine sediment contained many erythrocytes, some leucocytes, 
many granular and erythrocyte casts, but no doubly refractive bodies. Chronic 
tonsillitis was present. The eyegrounds were normal. The heart was somewhat 
enlarged. Wassermann reaction was negative. Blood urea nitrogen 103 mgm. 
per cent. Blood creatinine 7.31 mgm. per cent. Plasma cholesterol 344 mgm. 
per cent. Basal metabolic rate 4-0.3 per cent. 

During observation the urine sediment did not change much except for a 
decrease in the number of erythrocytes. The tonsils and adenoids were removed 3 
months after admission, and the patient was discharged without significant change 
in her outlook. Two months later she returned, with signs of cardiac failure. 
The standard blood urea clearance had fallen to 5 per cent of normal—about 
half its former value. Vomiting and twitching developed, and failure of vision, 
the result of an albuminuric retinitis. Death in uremia occurred 3 weeks after 
the second admission. Autopsy was refused. 

Case 49. Hospital No. 5760. H. G., male, 47 years. Hemorrhagic BrighVs 
disease. Terminal exitus. 

Six months before admission the patient for a time had frequent vomiting. 
The last 3 months before admission headaches were present. Five weeks before 
admission hypertension was found. 

After admission vomiting was frequent. The urine sediment contained many 
erythrocytes, some leucocytes and many broad granular casts. The eyegrounds 
were normal. The heart was somewhat enlarged. Blood urea nitrogen 306 mgm. 
per cent and blood creatinine 13.04 mgm. per cent. 

During treatment with intravenous salt and glucose infusions the uremic 
symptoms soon disappeared, the blood urea nitrogen fell to about 85 mgm. per 
cent and the blood creatinine to about 5 mgm. per cent. The blood pressure 
increased. When last seen 3i months after admission the blood pressure had 
risen to about 220/115. The patient died at home in uremia. No autopsy. 
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Case SO. Hospital No. S820. F. M., male, 27 years. Hemorrhagic Bright's 
disease. Terminal exitus. 

For the last 2 years before admission the patient had chronic tonsillitis. Five 
months before admission he caught a cold, with severe cough. During the next 
month paleness, dyspnea, tiredness and headaches appeared. Tonsillectomy was 
then performed. Two months before admission eyeground changes, proteinuria, 
hematuria and hypertension were found. 

On admission the patient was drowsy and complained of itching and nausea. 
He vomited frequently, and there were occasional nose bleeds. The urine sediment 
contained some erythrocytes, a few leucocytes and many hyaline and granular 
casts. The left eyeground shows hemorrhage and white exudative spots. The 
heart was somewhat enlarged. Blood urea nitrogen 308 mgm. per cent. Blood 
creatinine 17.65 mgm. per cent. Plasma cholesterol 227 mgm. per cent. 

During the 6 weeks until death the signs of uremia increased further. The 
blood urea nitrogen rose to a maximum of 416 mgm. per cent, the creatinine to 
25.8 mgm. per cent. The blood pressure oscillated about 160/105. 

ARTERIOSCLEROTIC BRIGHT's DISEASE (aDDIS) OR NEPHROSCLEROSIS 
(VOLHARD AND FAHr) 

General Course of the Disease 

The most striking clinical features are the increase in blood pressure, 
and the cardiac hypertrophy, plus slight proteinuria. 

As pointed out by Volhard and Fahr (1914) there are two types of 
the disease, the benign and the malignant. 

In both forms the first clinical sign is hypertension, and the first 
pathological changes appear to be in the small arteries. 

In the benign form the nature of the disease continues unaltered 
to the end, which usually does not come until many years after the 
first appearance of hypertension. The symptoms are almost entirely 
those attributable to the circulatory changes, and death eventually 
comes usually from circulatory rather than renal failure. 

In the malignant form a rapid decrease in renal function adds itself 
sooner or later to the picture, and death follows, usually within some - 
months, with s)rmptoms of renal failure, to which are frequently 
added those of cardiac failure. Volhard and Fahr (1914) attributed 
the severe nature of these cases to the superposition of glomerular 
inflammation upon anteriolar disease and call it the “Kombinations- 
form.^' They consider that the end of the benign stage is marked by 
the development of retinitis. 
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The material representing arteriosclerotic disease in our series 
(cases 51 to 56) is scanty, particularly in relation to the incidence of 
this condition, which is believed to occur more frequently than other 
forms of renal disease. Furthermore our six cases would give one the 
erroneous idea that renal failure is regular in this type of disease. 
The reason for both these discrepancies, between our cases and the 
ones ordinarily met showing hypertension plus slight albuminuria, is 
that during the period when our observations were gathered only 
patients with definite renal disease were admitted to the clinic. This 
policy excluded the great majority of arteriosclerotic cases, because 
their renal signs are slight until they approach the terminal stage or 
the malignant development sets in. 

Nevertheless these cases illustrate definite features of the disease. 

Case 53 shows the transition from a benign to a malignant nephro- 
sclerotic case. The patient was admitted with no clinical signs of renal 
failure, normal blood creatinine, and normal eyegrounds. Fifty per 
cent of injected phthalein was excreted in two hours. Only the blood 
urea clearance, 50 per cent of normal, indicated some decrease in 
renal ability. The clinical symptoms were purely those of hyperten¬ 
sion, which had been present for eight years. Six weeks after admis¬ 
sion protein excretion, previously only 0.3 to 0.5 gram per 23 hours, 
increased to 4 to 5 grams, and a rapid decrease in blood urea clearance 
and hemoglobin content set in. Within a month renal function had 
sunk to practically zero, and death occurred with symptoms combining 
those of uremia and cardiac failure (autopsy finding below). Cases 
54 and 55 also are of the malignant type. 

However, the other three cases indicate that diminished renal func¬ 
tion can also occur ultimately in the benign, slowly progressing forms of 
the disease. Nos. 51, 52 and 53 showed the clinical characteristics of 
the benign type, and no. 51 at autopsy also showed the anatomical 
characteristics. Yet all three showed marked loss of renal function, 
and two of them, nos. 51 and 56, died in the hospital with gross nitro¬ 
gen retention and the clinical symptoms of uremia, added in no. 51 
to those of cardiac failure. 

For explanation of the following charts see p. 495, preceding the 
charts of the hemorrhagic cases. 
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CLINICAL OBSERVATION IN CASES 01 ARTERIOSCLEROTIC BKXGHT’S 
DISEASE (cases SI TO 56) 

Blood urea clearance. This is low in all cases, a fact which must 
not be accepted as typical of any except the terminal stage of the 
disease, in which all of these patients were. Cases 51 and 55 died 
with symptoms of uremia, which, as we have stated before, are usually 
associated with blood urea clearances below 5 per cent of normal. 
Although the charts do not show it, it is practically certain that at the 
onset of uremia the clearances were down to this level. They were not 
determined, but the blood urea nitrogen values, 162, and 181 mgm. 
per 100 cc., were such as always accompany such clearances. In 
cases 53, 54 and 55, clearances in the neighborhood of 5 per cent were 
found, which are usual in renal deaths. It may be concluded that 
renal failure in all these 5 cases either was the immediate cause of 
death, or was sufficiently severe to have produced death in a short 
time, without the assistance of cardiac failure. The latter was obvi¬ 
ously present in 4 of the 6 cases presented. 

Hematuria, A microscopic hematuria is present in 3 of the 6 cases. 
This presumably is a terminal phenomenon. Volhard and Fahr 
(1914) report microscopic hematuria as rare, and Addis (1925, 1928) 
uses the lack of it to differentiate between the hemorrhagic and arterio¬ 
sclerotic types of Bright’s disease. 

Blood pressure. Hypertensions, systolic as high as 200 to 250 mm., 
and diastolic over 120 mm., are shown by all of our cases. Again we 
must recall that these are terminal cases, that during most of the long 
course of the disease the blood pressures were undoubtedly lower, and 
reached their terminal heights only through increase during periods of 
years. Volhard and Fahr (1914) report cases with relatively moderate 
hypertensions, such as 170 systolic. 

Plasma protein content. In all of these cases the plasma protein 
contents were entirely normal. 

Proteinuria was present in all cases, but exceeded 1 gram per day in 
only two of the six. In case 53 there was a marked increase (from 0.2 
to 0.5 gram per day to 4 to 5 grams) with the onset of terminal malig¬ 
nant symptoms. In case 52 the excretion was from 1 to 3 grams per 
24 hours. 
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Charts 51-56 
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Edema was present in two cases, nos. 54 and 52. It was obviously 
of cardiac origin. 

Anemia was present in five of the six cases, but to a less extensive 
degree than in the terminal cases of hemorrhagic ncph ri t i s. In none of 
the sclerotic cases did the oxygen capacity fall below 10 volumes per 
cent. In case 54 a rapid fall occurred from 18 volumes per cent to 10 
during the terminal six weeks of the disease, when it suddenly changed 
from benign to malignant. 

ANATOMICAL CHANGES OBSERVED IN TERMINAL NEPHROSCLEROSIS 
(cases 51, 53 AND 54) 

In arterio- and arteriolosclerosis we distinguish two is which are 
recognized by nearly all investigators. In the (mk' )ure arterio¬ 
sclerotic lesions are outstanding, that is to say intiinai Hyperplasia of 
the larger and medium sized arteries and hyalinization and fatty 
degeneration of the arterioli. In the other form besides these lesions 
inflammatory changes are found, such as necroses and proliferations 
of the arterioli and glomeruli. The first form is called by Fahr (1925) 
benign sclerosis and coincides with the senile arteri ^ TOtic kidneys 
of Ziegler. The second form Fahr calls malignant oros ; it cor¬ 
responds to the genuine contracted kidneys of the literal. re. VTiereas, 
perhaps, most writers, like Aschoff (1921), believe that 1 benign 
and malignant forms are only two stages of one and the same disease, 
Fahr (1925) believes that we have to deal with two diseases. Accord¬ 
ing to Fahr the benign sclerosis is primarily a pure arteriosclerotic 
lesion, whereas in the malignant sclerosis endarteritis and necroses 
are outstanding right from the beginning. He supports his theory 
chiefly by the finding that benign sclerosis is mainly found in old age, 
whereas malignant sclerosis occurs between the ages of 30 and 60. 

There is no doubt that our three cases were true vascular contracted 
kidneys. All three showed shrunken, coarsely granulated kidneys, 
reddish brown in color. Histologically we found extensive hyaliniza¬ 
tion of the arterioli and glomeruli, fatty degeneration of the arterioli 
and extensive intimal hyperplasia of the large and medium sized 
arteries. A large number of glomeruli were intact. Furthermore, 
the cases showed advanced atherosclerosis in other regions of the body 
and cardiac hypertrophy. 
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Case 51 essentially exhibited these lesions. Therefore, we classify 
it with the benign sclerosis of Fahr. In addition we found increase 
in the number of nuclei and occasional hyaline-droplet degeneration of 
some glomeruli, as well as slight necroses of some arterioli and glo¬ 
meruli. But these changes were only slight. They are regarded by 
Fahr (1925) as symptoms of decompensation of the benign sclerosis. 
Aschoff (1921) would call this case a transition form from the second 
to the third or terminal stage. It should be noticed that this case 
died in uremia, an outcome believed to be relatively rare in benign 
sclerosis. 

In cases 53 and 54 we found, besides the lesions described above, 
extended inflammatory changes like marked endarteritis, frequent 
necroses of the arteriolar walls and glomeruli, occasional increases in 
the number of nuclei, and adhesions of the glomeruli, as well as 
occasional increases in the number of the glomerular epithelial cells. 
In case 53 there were occasional hemorrhages in the capsular spaces, 
in case 54 a hyaline-droplet degeneration of some glomeruli. How¬ 
ever, most of the glomeruli were intact. Consequently, both cases 
epresent the malignant sclerosis of Fahr. 

Both cases died in uremia. 

CASE HISTORY ABSTRACTS AND AUTOPSY REPORTS (ARTERIOSCLEROTIC 
bright’s disease) (cases 51 TO 56) 

Case 51, Hospital No. 5775. H. G., female, 43 years. Arteriosderoiic 
Brights disease. Terminal -► exitus. 

The patient had suffered from headaches and dyspnea on exertion for 10 years 
before admission. Three years before admission she had had several attacks of 
vertigo and nausea. These had become more frequent and more severe. One 
year before admission she had been told that her blood pressure was 190, and six 
months before admission 280 mm. During that time edema had appeared; 
blurring of vision had also occurred. 

On admission, the heart was found to be enlarged. The blood pressure was 
245 mm. systolic, and 175 mm. diastolic. The ocular fundi showed arterial 
tortuosity, arterio-venous compression, and fresh hemorrhages. The electro¬ 
cardiogram revealed a left axis deviation. The urine sediment contained red blood 
cells and granular casts. The protein excretion in the urine was 2.3 grams daily. 
The blood urea N was 31 mgm. per cent, and the plasma NPN 47 mgm. per cent. 
The plasma proteins were normal. The hemoglobin was normal (18.5 volumes 
per cent Oj). The return of phenolsulphonephthalein in the urine in 2 hours was 
43 per cent. 
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During the month that the patient was under observation evidence of cardiac 
failure appeared. The blood pressure remained elevated. The blood urea N 
increased to 162 mgm. per cent, and the creatinine to 9 mgm. per cent. The 
patient became comatose two days before death. 

Autopsy, Autopsy No. 273/1926. Autopsy commenced 2 hours after death. 

Death in uremia. Cardiac hypertrophy. Ulcus ventriculi. Advanced Arterio¬ 
sclerosis of the spleen. Advanced atherosclerosis of the coronary arteries and 
aorta. 

The right kidney weighed 110, the left 140 grams. The capsule of each stripped 
easily. The surface was coarsely granulated and purplish red in color with 
occasional yellowish areas. Hemorrhages were not noted. The cortex was 
narrowed and similar in color to the surface. The differentiation between cortex 
and medulla was indistinct. 

Microscopic examination. The arterioli and arteries of the kidneys are severely 
diseased (fig. 26). The arterioli are hyalinized in most places. Many are entirely 
closed. The larger arteries show an advanced degree of intimal hyperplasia and 
contain calcium. At a few places in the arterial walls one sees slight necroses. 

Many glomeruli are intact and well filled with blood (fig. 27). Some glomeruli 
are a little enlarged and even show some increase in the number of nuclei (fig. 27). 
Some glomeruli contain relatively many polymorphonuclear leucocytes in their 
loops. Single glomeruli show necroses and hyaline-droplet degeneratiofi. The 
glomerular spaces are wide and mostly empty. Other glomeruli are atrophic and 
partially hyalinized, with concentrically thickened capsules. Occasionally one 
sees a slight increase in the number of the parietal epithelial cells. From these 
glomeruli one finds all transitions to entire hyalinization. Typical signs of 
glomerulonephritis are nowhere seen. 

The tubules are relatively well preserved. Some are enlarged. A few show 
hyaline-droplet degeneration. In their lumina one finds coagulated protein and 
some desquamated epithelial cells. The parenchyma is penetrated by scars 
which are rich in collagenous connective tissue and capillaries dilated with blood. 
They contain round cellular infiltrations. The tubules of these regions are in all 
stages of atrophy up to entire disappearance. 

Anatomical diagnosis. Primary contractedk idneys. Arteriolo- and arterio¬ 
sclerosis. Decomposed benign sclerosis of Fahr. 

Case 52. Hospital No. 5868. A. D., female, 33 years. Arteriosclerotic 
Bright^s disease. Terminal exitus. 

The patient suffered from headaches for several years. Eight months before 
admission hypertension and albuminuria were accidently found. 

On admission there was no cardiac decompensation. The urine sediment 
contains no erythrocytes, a few leucocytes and granular casts. The eyegrounds 
were normal. The blood pressure was about 200/135. The heart size was 
markedly increased to the left. Wassermann reaction negative. Blood urea 
nitrogen 48 mgm. per cent. Blood creatinine 2.73 mgm. per cent. 
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The blood pressure did not change during treatment. Patient died at home from 
suddenly developed cardiac failure 4 months after admission. 

Case 53, Hospital No. 6009. M. K., female, 48 years. Arteriosclerotic 
Bright^s disease. Latent terminal exitus. 

Father died of Bright’s disease with severe hypertension 8 years before the 
patient’s admission. Hypertension (190 mm.) was accidentally found. 

On admission the urine sediment contained a few erythrocytes, leucocytes and 
hyaline casts. The eyegrounds were normal. The blood pressure was 250/190. 
The heart was slightly enlarged. Blood urea nitrogen was 40 mgm. per cent. 
Blood creatinine was 1.78 mgm. per cent. Blood urea clearance was 50 per cent 
normal. 

Two months after admission, the urine albumin increased from 0.5 to 3.0 
gram a day. Blood urea clearance had fallen to 28 per cent of normal. Then 
weakness and nausea appeared, but no signs of congestive heart failure. Renal 
failure casts (Addis, 1925) were found in the urine. Pruritus developed, then 
coma, and uremic twitching. Two days before death the blood urea nitrogen was 
140 mgm. per cent, and the blood creatinine 9.73 mgm. per cent. The cause of this 
rapid development is obscure. There may have been a cardiac factor. The 
syndrome is like that of malignant nephrosclerosis, the ‘‘Kombinationsform” 
described by Volhard and Fahr. 

Autopsy. Autopsy No. 282/1927. Autopsy commenced 7 hours after death. 

Cardiac hypertrophy. Fresh obliterative bronchiolitis. Serous pleurisy. 
Serofibrinous pericarditis. Cartilagenous perisplenitis. Old healed endocarditis 
of the mitral valve. Advanced arteriosclerosis of the spleen. Advanced athero¬ 
sclerosis of the aortic cusp of the mitral valve, of the coronary arteries, and of the 
aorta. 

The kidneys weighed about 75 grams each. The capsule stripped with difficulty. 
The kidneys were firm. The surface was brownish red and the greater part was 
coarsely granulated. Single blood dots were seen. The cortex was narrowed and 
reddish and yellowish in color. It was poorly marked off from the medulla. 

Microscopic examination. Nearly all arkrioli are more or less diseased (fig. 28). 
Part of them are closed entirely. Most of them are hyalinized. Frequently they 
contain fat. Many arterioli show endarteritis of partly low and partly advanced 
degree. In these vessels one finds frequently necroses of the wall (fig. 29) as shown 
by granular degeneration of the tissue, pycnosis and karyokinesis of the nuclei, 
and by the appearance of substances in the wall which are stained bluish by Gram. 
In the larger arteries containing elastic tissue one sees advanced stages of intimal 
hyperplasia. 

A large number of glomeruli are intact and well filled with blood. Others are 
atrophic. Many glomeruli show all transitions from beginning to entire hyaliniza- 
tion (fig. 28). One sees glomeruli the tufts of which are partly hyalinized. Such 
tufts appear to be attached to hyalinized arterioli. In other glomeruli such 
transitions cannot be found and the chief change is hyalinization of the loops. 
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Hyalinization of the capsules is seen only with advanced stages of glomerular 
hyalinization. In partially hyalinized glomeruli there is frequently dilatation of 
the afferent arterioli. Frequently necrosis of the tufts occurs, usually located in a 
single loop and very rarely affecting an entire glomerulus (fig. 30). In such 
glomeruli single or all loops may be dilated with biood, and very few hemorrhages 
may be seen in the glomerular spaces. In severely changed glomeruli one sees 
occasionally adhesions or a slight increase in the number of the parietal epithelial 
cells. In a few places also a partial increase in the number of nuclei is found. 
Frequently the glomeruli contain relatively large amounts of fat which often is 
doubly refractive. 

The parenchyma of the kidneys is penetrated by many scars which are rich in 
collagenous connective tissue, and occasionally contain small round cell infiltra¬ 
tions. The scars are rich in capillaries dilated with blood. The tubules of these 
parts are in all stages of atrophy and degeneration up to entire disappearance. 
Occasionally one finds calcium in these scars. The tubules of the better preserved 
parts are frequently dilated. In places they show flattened epithelial cells, 
hyaline casts, some desquamated epithelial cells, and in a few instances also some 
polymorphonuclear leucocytes. The epithelial cells occasionally contain a certain 
amount of fat, some of which is doubly refractive. Occasionally one finds signs of 
regeneration. The interstitial tissue of the medulla is enlarged in some places, 
and rich in collagenous connective tissue. 

Anatomical diagnosis. Primary contracted kidneys. Arteriolo- and ar¬ 
teriosclerosis. Malignant sclerosis of Fahr. 

Case 54. Hospital No. 5769. J. M., male, 51 years. Arteriosclerotic Brights 
disease. Terminal exitus. 

The patient had had two attacks of renal colic 12 and 8 years before admission. 
After the first attack, he had suffered from headaches. He had been told at that 
time that his Wood pressure was 170. During the year preceding admission he 
had edema of the feet. Dyspnea on exertion had occurred also during that time. 

On admission to hospital symptoms of cardiac failure were present, i.e., edema, 
respiratory distress, and cyanosis. The heart was enlarged to the left. The 
blood pressure measured 192 mm. systolic and 118 mm. diastolic. An electro¬ 
cardiogram showed left axis deviation. The urine contained 1.5 grams albumin 
per liter, many failure casts, and red blood cells. The blood urea N was 72,5 
mgm. per cent, the creatinine 7,7 mgm. per cent, and the plasma NPN 82 mgm. 
per cent. The hemoglobin was 12.2 volumes per cent Oa capacity. The plasma 
albumin was 3.15 per cent, and the globulin 3.52 per cent. A trace of phthalein 
was excreted in two hours. 

During the month that the patient was under observation, the nitrogen retention 
increased, the blood urea N rising to 216 mgm. per cent, and the creatinine to 16 
mgm. per cent. A concentrated specimen of urine revealed by Addis^s count an 
excretion of 19,000,000 red blood cells, 400,000 failure casts, and 1,000,000 white 




29. Case 53. For diagnosis see figure 28. 

Fwo arterioli with advanced endarteritis. Jn (</) necrosis of llie wall with 
hemorrhage in the wall of the arteriole. Mueller-formalin fixation, iron-heina- 
to.x 3 lin-eosiii. X45U. 





Fig. 25. Case 47. For diagnosis see figure 23. 

Many glomeruli arc hyalinizcd (u). 4'he smaller and larger arteries show a 
high degree of intimal hyperplasia, d'he tubules of the scars arc in all stages of 
atrophy and degeneration and contain many casts. Mueller-formalin fixation, 
elastica-\^an Gieson. X6(). 

Fig. 26. Case 51. Anatomical diagnosis: decomposed benign nephrosclerosis. 
Clinical diagnosis: arteriosclerotic Bright’s disease with terminal renal and 
cardiac failure. 

Ilyalinization of the artcrioli {a) and of some glomeruli (/>). Advanced intimal 
hyperplasia of the larger arteries. Most of the glomeruli are intact. 4'he paren¬ 
chyma is penetrated by scars rich in capillaries dilated with blood (r). Zenkers, 
elastica-Van Gieson. X6(). 

Fig. 27. Case 51. For diagnosis sec figure 26. 

(a) Intact glomerulus. (/;) (Bomerulus with somewhat increased numbers of 
endothelial cells. At the place of entrance of the arteriole beginning hyalinization. 
Scar formation between the glomeruli. Zenkers, iron-hematoxylin-eosin. X2()(). 

Fig. 28. Case 53. Anatomical diagnosis: malignant nephrosclerosis. Clinical 
diagnosis: arteriosclerotic Bright’s disease, malignant. 

Some glomeruli (u) and artcrioli (d) are hyalinized. The larger arteries show an 
advanced intimal hyperplasia. The remaining glomeruli are intact in most 
instances. Mueller-formalin fixation, clastica-Van Gieson. X60. 
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and ci)ithelicil cells in 12 hours. During the nine days before death, the patient 
lost 12 kgni. in weight. He was comatose the last 5 days. 

Autopsy. Autopsy No. 271/1926. 

We were permitted to do only a partial autopsy. This was i)erformed a few 
hours after death. ^ 

l-kich kidney weighed about 100 grams. The capsule stripped easily. The 
surface was coarsely granulated and brownish red in color with yellowish eleva¬ 
tions. i\o blood dots were found. The cortex was narrowed and similar in color 
to the surface. The differentiation between cortex and medulla was indistinct. 

Microscopic cxciminuticm. The arlcrioli ami arteries are severly ciiseaseci (fig. 31). 
Some of them are closed entirely, d'he arterioli arc hyalinized and contain much 
fat. Many arterioli show cndartcrilis of varying degree (fig. 32). ITequently, 
one finds on these vessels necroses of the ivalls (fig. 32) as indicated b>' granular 
degeneration of the tissue, pycnosis of the nuclei and hemorrhages within the 
walls. The larger arteries show an advanced intimal hyperplasia and are partly 
calcified. 

Many glomeruli are entirely hyalinized (tig. 31). Others show all transitions 
from beginning hyalinization, starting in most places in the loops, up to entire 
degeneration. M'he remaining glomeruli are intact in most places and well tilled 
with blood. In some glomeruli one finds nerrosis of the loops, a hyaline-droplet 
degeneration, some fat and a partial increase in the number of nuclei. In severely 
changed glomeruli one sees occa.sionally adhesions and a slight increase in the 
number of the parietal epithelial cells. 

I'he parenchyma is penetrated by scars which are rich in collagenous connective 
tissue an<l capillaries dilated with blood. Frequently one secs round cell infiltra¬ 
tions. 'Phe tubules of these regions are in all stages of atrophy and degeneration. 
Some of the better })rescrved tubules are dilated and contain coagulated protein 
and desquamated ei)ithelial cells. Occa.sionally one sees fatty degeneration of the 
epithelial cells. The interstitial tissue of the medulla is enlarged in places and 
rich in collagenous connective tissue. 

Anatomical cliay,nosis. Trimary contracted kidneys. Arterio- and arteriolo- 
sclerosis. Alalignant sclerosis of Fahr. 

Case 55. Hospital No. 4512. F. R., male, 43 years. Arteriosclerotic Brigittes 
disease. Terminal —> exitus. 

Three years before admission a systolic blood pressure of 165 was accidentally 
found. One year later exhaustion and headaches appeared. Seven months 
before admission the patient was examined with the following result; blood pressure 
232/135, eyes normal, some pyorrhea alveolaris, the urine contained a trace of 
albumin and some hyaline, granular, and waxy casts. Two-hour phthalein 
excretion after intramu.scular injection was 37.5 per cent. Non-protein N was 
v30 mgm. per cent. 

On admission the urine sediment contained a few erythrocytes and leucocytes 
and some hyaline and granular casts. The eyegrounds showed thin arteries and a 



Fir.. 3.^. Case 59. Anatomical diagnosis, lipoid nephrosis. (Minical diagnosis 
chronic non-hcmorrhagic degcMierative Hright’s disease. 

Ivongitudinal .section througli the righi kidne\' drawn ;i)tcr Jores lixafu)!! 
Natural size. 





Fig. 30. Case 53. For diagnosis sec figure 28. 

The whole glomerulus is necrotic. vSome of the loops arc dilated with blood 
(a). The tubules contain many hyaline casts. Mueller-formalin fixation, iron- 
hcmatoxylin-eosin. X 200. 

Fig. 31. Case 54. Anatomical diagnosis: malignant sclerosis. Clinical diag¬ 
nosis: arteriosclerotic Bright’s disease with terminal cardiac and renal failure. 

Hyalinization of many glomeruli. Advanced intimal hyperplasia of the 
smaller and larger arteries. 'Fhe remaining glomeruli arc intact. The paren¬ 
chyma is penetrated by scars which contain capillaries dilated with blood and 
tubules in all stages of atrophy and degeneration. Round-cell infiltration (a). 
Mueller-formalin fixation, ela.stica-V’an (iicson. X60. 

Fig. 32. Ca.se 54. For diagnosis see figure 31. 

(a) Hyalinized glomerulus, (h) Artcrioli showing an advanced endarteritis 
and necrosis of their walls, (r) The surrounding tissue is scarred and contains a 
round cell infiltration. Alueller-formalin fixation, iron-hematoxylin-eosin. X20(). 

ITg. 34. Case 59. For diagnosis see figure 33. 

Enlarged convoluted tubules with f;itty, vacuolic or hyaline-droplet degenerated 
epithelial cells. Distinct striped scars with infiltrations of round cells. In (a) 
one sees an intact glomerulus, in (h) a small intact artery, in (c) regeneration of 
epithelial cells. Mueller-formalin li.xation, iron-hematoxylin-eosin. X60. 
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few smiill hemorrhages. 'Ehc blood pressure was about 210/125. The heart was 
enlarged. Wassermann reaction negative. Blood urea nitrogen 49 mgm. per 
cent. 

During observation the blood urea nitrogen rose to 111 mgm. percent. One 
month after his discharge the patient was admitted tq another hospital. He 
was then in uremia and died a few days later. The blood urea nitrogen was then 
181 mgm. i>er cent. No autopsy. 

Case 56. Hospital No. 5136. H. S., female, 44 years. Arteriosclerotic Bright's 
disease. Terminal - > exitus. 

'I'wo years before admission nocturia occurred. One year later occipital 
headaches and dyspnea on exertion appeared. For the last 2 weeks before admis¬ 
sion she had vomiting in the morning. 

On admission the urine sediment contained nothing pathologic. The eye- 
grounds were normal. The blood pressure was 238/130 and the heart was enlarged. 
Blood urea nitrogen 174 mgm. per cent. Blood creatinine 8.70 mgm. per cent. 

During observation the urine sediment showed only occasional leucocytes and 
single hyaline casts. The blood pressure was about 210/115. Blood urea nitrogen 
rose gradually to 297 mgm. per cent and creatinine to 11 mgm. per cent. 4'hrough- 
out observation she had headaches, and nausea with occasional vomiting. Fifteen 
months after admission, when at home, she contracted pneumonia and died in 
coma with convulsions. No autopsy. 


NON-HEMORRHAGIC DEGENERATIVE BRIGHT’s DISEASE (aDDIs) OR 
NEPHROSIS (VOLHARD AND FAHr) 

General Course of The Disease 

Muller (1905) and Volhard and Fahr (1914) have pointed out the 
existence of a type of Bright’s disease distinguished by heavy protein¬ 
uria, tendency to edema formation, usually massive, and by degenera¬ 
tive rather than inflammatory changes in the kidneys. The disease 
appears to accompany or follow a heterogeneous set of intoxications 
and infections, frequent among which are pregnancy, toxemia, osteo¬ 
myelitis, syphilis, and tuberculosis. In many cases there is no obvious 
etiology: the edema begins insidiously and without previously noted 
illness or intoxication. Addis (1925) calls these cases “cryptic” and 
Volhard and Fahr term them “genuine.” 

The outstanding constant abnormalities in the blood are a deficit 
of plasma albumin, which is more often than not less than half the 
normal 4 per cent concentration, and an increase of the fat and cholcs- 
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terol contents. The work of Starling, Epstein, Govaerts, and Schade 
and Claussen, and Moore and Van Slyke, quoted above in the discus¬ 
sion of the significance of plasma protein values, has left small room to 
doubt that the plasma albiunin deficit is the predisposing factor for 
the development of edema. 

The quantitative relationships between the tendency to edema 
formation, the deficit of albumin and total protein in the plasma, and 
the decrease in plasma specific gravity have been outlined in the 
above mentioned discussion. 

The lack of 4 abnormalities that are common in hemorrhagic 
nephritis has been used to differentiate nephrosis from the former. 
These are hematuria, urea retention, hypertension, and anemia, all of 
which are common in chronic hemorrhagic nephritis, and may be 
entirely absent in nephrosis. However, of the four, hematuria and 
hypertension are the only ones we have found uniformly absent in our 
series of nephrosis cases. 

With regard to nitrogen retention and ultimate uremia, data in the 
literature differ. Volhard and hahr (1914) observed nitrogen reten¬ 
tion rarely, and apparently considered it unlikely to become serious. 
They had not seen a death attributable primarily to renal failure. 
Addis on the other hand (1925) remarks: “The disease may pass 
through active and latent stages to complete recovery, or may grad¬ 
ually progress to a termination in uremia.^' Of our 10 cases two have 
progressed to final uremia with urea retention (nos. 65 and 66). 
Furthermore it seems safe to predict that such an outcome is probable 
in two others, cases 61 and 64, which for two years have shown in 
general a downwards tendency in their renal function, as measured by 
the blood urea clearance. Volhard and Fahr found part of the glo¬ 
meruli altered in cases which they autopsied. It is not strange that 
the damage should in time proceed far enough to result in uremia. 
Our data indicate that the process may be slow. On the other hand, 
in case 66 the entire apparent duration of the disease to uremia was 
only a year and a half. The absence of evidence of inflammatory 
processes in this case was demonstrated by autopsy. 

Anemia likewise is by no means uniformly absent in nephrosis. 
Considering the malnutrition that appears to be inherent in the 
disease, and the frequency with which the patients suffer from obsti- 
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nate infections, the occurrence of anemia is not surprising, even when it 
can not be attributed to the effect of toxic retention. The effect of 
intercurrent infections appears to be illustrated by case 61. The 
hemoglobin, from a full normal value, fell after septicemia and pleurisy 
succeeding one another, to 40 per cent. Thereafter it gradually rose 
again, reaching 80 per cent within a month and ultimately 100 per cent, 
despite the fact the renal disease, as indicated by blood urea clearance 
and albuminuria, had progressed rather than improved. Of our 10 
cases, only 3 in fact consistently showed hemoglobin values above 80 
per cent of Haldane’s average normal standard. 

In the latent form of hemorrhagic nephritis, and less frequently in 
the chronic active stage of hemorrhagic nephritis, hematuria and 
hypertension, mentioned as characteristically absent in nephrosis, 
may be lacking, or very slight. As mentioned in discussion of these 
stages of hemorrhagic nephritis, differential diagnosis from nephrosis 
may be difficult unless there is a history of acute hemorrhagic onset. 
In the latent hemorrhagic disease the plasma protein deficit and 
albuminuria are likely to be less marked, however, than in nephrosis; 
and if the primarily hemorrhagic case is watched it is likely either to 
make a rather rapid recovery (which is not frequent in nephrosis), 
or else if the disease progresses to the terminal stage, to show a return 
of hematuria and develop a h)q)ertension, as in case 23a. 

For explanation of the following charts see page 495 preceding the 
charts of the hemorrhagic cases. 

CLINICAL OBSERVATIONS IN CASES OF DEGENERATIVE BRIGHT’s DISEASE 

(cases 57 TO 66) 

Urea excreting power. In only 2, nos. 57 and 59, of our 10 cases, 
was the blood urea clearance up to normal throughout the course of 
observation. In these two there were periods when the urea excretion 
was indeed hypernormal, a phenomenon elsewhere met only in cases 
recovering from acute hemorrhagic nephritis. 

In 8 cases (nos. 58, 60, 61 and 62 to 66), there was definite faU in 
blood urea clearance, apparently temporary in case 58 (disease attrib¬ 
uted to salvarsan poisoning), but showing a tendency to remain or 
progress in the others. 

In 3 cases (nos. 63,65 and 66) the blood urea clearance before death 
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fell to the uremic level, and cases 65 and 66 died typical renal deaths. 
Case 66 at autopsy proved to be amyloid nephrosis, with extensive 
glomerular damage. For no. 65 autopsy was refused. 

Hematuria was consistently absent in all of our cases, except for 
single examinations during 2 years in case 64. 

Blood pressure. There was no hypertension in any case throughout 
the observed course of the disease. The only exception is a single 
observation of 154/98 on case 62 immediately after admission, which 
may probably be disregarded. In case 63 with tuberculosis and 
asthenia the pressure was abnormally low. 

Plasma protein concentration. Of all the chemical examinations in 
nephrosis that of the plasma protein concentration is of first interest, 
because the albmnin deficit is so closely related to the tendency to 
edema which is the disabling factor of the disease. 

In every one of our cases the plasma albumin content was below 
2.5 per cent on admission, and total proteins were below 5.5 per cent, 
usually below 5.0. 

The cases are arranged, as in the previous groups, in order with those 
of apparently most favorable clinical outcome, in so far as the disease is 
concerned, first in the series. 

The first 3 cases are the only ones that showed definite and signifi¬ 
cant rises in total protein and albumin content during the course of 
observation. Of these no. 57 made an apparently complete recovery 
and returned to the normal activities of a boy of his age. His plasma 
proteins returned completely to normal level 2 years after observation 
was begun, and 2 and f years after symptoms of the disease were first 
noted. Case 58 left the hospital subjectively well, and apparently on 
the road to ultimate recovery. Case 59, of 16 years duration, im¬ 
proved in 1 year from a condition of complete helplessness to one in 
which he could walk indoors and out and begin to renew relatively 
sedentary activities. During this period of improvement the plasma 
albmnin rose from 0.9 to 2.8 per cent, passing the critical level previ¬ 
ously discussed, and edema became relatively manageable. There 
was a fall in plasma albumin and some increase in edema during a 
period of a month’s absence from the hospital. The streptococcus 
infection terminated a case which had begun to arouse hopes of a cure 
like that of no. 57. 
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In none of the other cases (nos. 60 to 65 inclusive) did the plasma 
albumin rise above 2.5 per cent, and in none of them was there a 
permanent disappearance of the edema. 

No. 66 represents an exception among pure degenerative cases, in 
that the edema was never severe. Even without treatment it had 
increased the body weight only by a few pounds. The subjective 
symptoms were those of a terminal hemorrhagic case rather than those 
usually typical of nephrosis. In accordance with these observations 
there was found a uremic nitrogen retention, but only a moderate 
plasma protein deficit, the albumin being 3 per cent and the total 5.5. 
The case was diagnosed nevertheless as nephrosis because of the 
consistently low blood pressure and the absence of microscopic hema¬ 
turia. Autopsy showed a typical amyloid nephrosis. 

The relatively moderate albumin deficit is not characteristic of 
amyloid nephroses: they usually show deficits equal to those of lipoid 
nephrosis. Case 63 for example, showed the usual marked deficit. 
No. 66, however, demonstrates that it is possible for exceptional pure 
degenerative Bright’s disease, at least of the amyloid type, to occur 
with only moderate plasma protein loss and edema. 

Proteinuria was marked in all cases, the output varying from 2 grams 
per day to over 20 grams. 

Edema was present in all cases, except no. 66, in which the plasma 
albumin was relatively high. Elimination of edema in cases 57, 58, 59 
and 64 occurred under the combined effect of treatment and increase 
of plasma albumin. In cases 60, 61 and 62 edema diminished or 
disappeared temporarily under the influence of treatment without 
increase in plasma albumin. 

The data regarding anemia have already been sufficiently discussed 
above. 

ANATOMICAL CHANGES OBSERVED IN DEGENERATIVE BRIGHT’s DISEASE* 
(cases 59, 63 AND 66) 

Nephroses include, according to Fahr (1925), all primary degenera¬ 
tive diseases of the kidneys which attack the glomeruli and the tubules, 
but not those which attack the vascular system. Fahr separates from 
the plain nephroses a group in which, besides degenerative lesions, 
infiltrative changes occur, which, according to him, are due to disturb- 
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ances in metabolism. This group he called the definitely characterized 
nephroses, and classifies with them the so-called lipoid and amyloid 
nephroses. Aschoff (1921), on the contrary, does not believe that 
these two diseases are of the same nature, but ascribes amyloid 
nephrosis, which he calls amyloid infiltration, to nephrodystrophies, 
and lipoid nephrosis to inflammations of the kidneys, calling it tubular 
nephritis. Aschoff (1913, 1917) also objects to the term nephrosis 
and logically argues that this term should be replaced by ^^nephrodys- 
trophia” or ^^nephropathia.’^ If here, nevertheless, we use the term, 
nephrosis, it is because it is generally accepted by clinicians, and 
especially because no agreement has yet been reached concerning the 
nature of this disease. For similar reasons we also discuss here the 
amyloid and lipoid forms together, because they resemble each other 
in many respects, not only clinically, but also anatomically. 

Lipoid nephrosis. Case 59 has been reported in detail elsewhere 
(Ehrich, 1929). Here we shall, however, discuss it briefly. Macro- 
scopically, we found large white kidneys without visible blood dots. 
Histologically, an intense fatty and hyaline-droplet degeneration of 
the epithelial cells was outstanding, in comparison with which all other 
changes were insignificant. There was indeed marked scar formation 
and hyalinization of half of the glomeruli. But most of the preserved 
glomeruli were intact. Only in a few glomeruli increased numbers of 
nuclei were seen. But this increase was not out of proportion to the 
size of the glomeruli. In some hyalinized glomeruli there were slight 
proliferations of the parietal epithelial cells. All these lesions are 
found, according to Fahr (1918, 1922) and others, more frequently in 
advanced cases of lipoid nephrosis. Furthermore, if we take into 
consideration the clinical observations, there can be no doubt of the 
diagnosis “genuine lipoid nephrosis.^' 

Of special interest was the fact, that, in spite of a duration of about 
17 years, no shrinkage of the kidneys had occurred. Whereas Fahr 
(1925) and others believe that lipoid nephrosis leads to contracted 
kidneys, Aschoff (1913) and others express doubt. That amyloid 
nephrosis may lead to contracted kidneys is no wonder, if we take into 
consideration the great destruction of glomeruli, which is generally 
assumed to lead to contraction. However, in lipoid nephrosis, the 
conditions are quite different. Here, the glomeruli are much less 
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diseased and there is no extensive destruction of them. There appears 
to be in the literature no case of contracted kidney which can with 
certainty be ascribed to pure lipoid nephrosis (Ehrich, 1929). Our 
case, which seems to be the only genuine one of such long duration 
observed, shows that prolonged lipoid nephrosis does not necessarily 
lead to contracted kidneys. 

Amyloid nephrosis. Whereas lipoid nephrosis is only rarely ob¬ 
served in autopsy, amyloid nephrosis occurs frequently. Concerning 
its morphological course Volhard and Fahr (1914) have distinguished 
three stages and Fahr later on (1925) four stages, for the purpose of 
facilitating description. 

Case 63 showed lesions characteristic of the second stage. Besides 
amyloid infiltration, severe degenerative changes were found. Both 
kidneys were very large. The glomeruli still contained many loops 
filled with blood. A slight scar formation was present. The changes 
of the tubules were essentially the same as those in lipoid nephrosis. 

Case 66 we ascribed to the third stage, because a marked scar forma¬ 
tion had already developed and because the amyloid no longer gave 
the iodine sulfuric acid reaction, whereas the methyl violet reaction in 
part was still positive. The glomeruli were greatly infiltrated with 
amyloid. Most of the glomeruli contained no erythrocytes. The 
destruction of the glomeruli and arterioli was so extensive that a renal 
insufficiency and uremia developed. The tubules were in the stage of 
advanced atrophy, whereas fatty and hyaline-droplet degeneration 
were insignificant. 

Our cases of amyloid nephrosis were of special interest also from the 
etiological point of view. Whereas the amyloidosis of case 64, as so 
frequently occurs, was due to tuberculosis, in case 66, in spite of 
thorough examination, no visible cause could be found. Examination 
of the bones at autopsy was not permitted. But, because no clinical 
symptoms were present, we believe we can exclude a bone disease with 
certainty. Nor can the old healed endocarditis, which was found in 
this case, be held responsible for the amyloidosis. We have to place 
this case, with a number of others reported in the literature (cf. Fahr, 
1925), in the group of unknown etiology. 
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CASE HISTORY ABSTRACTS AND AUTOPSY REPORTS. DEGENERATIVE 
bright's disease (cases 57 TO 66) 

Case 57, Hospital No. 4616. B. S., male, 11 years. Degenerative Bright's 
disease. Progressing to cure. 

Ten months before admission the patient had sore throat. Three weeks later 
he had swelling of face and neck, and albuminuria was found. Spent 6 weeks in 
Bronxville hospital, then 4 months in bed at home. Then returned to school. 
Swelling of face increased. There were no constitutional symptoms nor hematuria. 

On admission tonsils and adenoids were found enlarged. Heart was slightly 
enlarged, without valvular disease. Blood pressure was 95/70. There was 
swelling of face and ankles. The urine contained 4 grams of albumin per liter, a 
few epithelial cells, granular casts, hyaline casts, and white cells. Very few red 
cells were found on 2 occasions in first 3 weeks. Edema quickly cleared up. 
Diseased tonsils and adenoids were removed. Edema tended to recur, and was 
combatted with urea administration, which he continued to take at home, 3 months 
after admission. Returned to hospital 16 months after first admission with 
massive general edema. While patient was under observation catarrhal otitis 
media developed. At the same time the edema disappeared, and albuminuria 
decreased. Two months later only faint traces of albumin remained. Subsequent 
observations showed the urine fr^e of albumin and cellular elements. 

Case 58, Hospital No. 5644. F. O., male, 24 years. Degenerative Bright's 
disease. Syphilis. 

Since the age of 18 the patient has had chronic periostitis of both tibiae. A 
+ + + -}- Wassermann reaction was found, and several treatments with salvarsan 
and mercury were given with good effect. Eight to 9 months before admission, 
during such treatment, edema appeared. Four months before admission a gan¬ 
grenous appendix was removed. 

On admission a typical luetic tibial periostitis and signs of a previous keratitis 
were found. The urine sediment contained no erythrocytes, some leucocytes 
and double refracting bodies, and many hyaline and granular casts. The eye- 
grounds, blood pressure, and heart size were normal. Wassermann reaction 
negative. Blood urea nitrogen 45 mgm. per cent. Blood creatinine 1.71 mgm. 
per cent. 

The plasma albumin increased to 2.96 per cent and edema gradually dis¬ 
appeared. Since 16 months after admission the patient had been doing a full 
day's work and eating an ordinary diet. The Wassermann reaction is still nega¬ 
tive. The sediment still contains a few hyaline and granular casts. 

Case 59, Hospital No. 6184. M. M., male, 17 to 18 years. Degenerative 
Bright's disease of 17 years' duration exitus. 

The patient was apparently well at birth. At age 16 months onset of present 
illness occurred with facial edema and albuminuria. For 14 years he was on a low 
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protein and salt-free diet and continued to excrete large amounts of albumin. 
He has had recurrent attacks of edema every two years lasting 2 to 3 weeks until 
the present attack, which had its onset 2 years and 5 months before admission. 
He was treated for this with high protein diet, tonsillectomy and several tooth 
extractions. Owing to edema and time in bed, severe contractures of posterior 
muscle groups of both legs were present. * 

On admission he was pale, edema of extremities was pronounced; he had marked 
ascites, several badly decayed teeth, and distinct anemia (hemoglobin 11.6 volume 
per cent O 2 ). Cholesterol was 272 mgm. per cent, plasma albumin was only 
0.9 per cent, globulin 3.39 per cent. The urine sediment contained many hyaline 
and granular casts, occasional red blood cells. Albumin excretion in urine 
averaged 6 to 9 grams per day. The blood pressure was 108/78. Renal function 
v^as slightly subnormal. 

Over a course of 9 months the patient was on a high protein and salt-free diet. 
During this time most of the edema disappeared, and the contractions of legs were 
reduced to extent that he could walk unaided. The albumin rose to 2.8 per cent; 
globulin remained about the same level at 3.2. The plasma cholesterol fell to 
187 mgm. per cent. During the entire course under observation the blood pressure 
remained low. 

Patient was readmitted after one month because of slight increase of edema of 
legs and puffiness about the eyes. Subjectively well. Two weeks later the 
onset of general peritonitis (hemolytic streptococcus) was marked by a chill, a rise 
of temperature to 105®, and abdominal pain. December 2, 1928, death occurred 
from general peritonitis. 

Autopsy. Autopsy No. 311/1928. We were only permitted to do a partial 
autopsy, limited to the kidneys. This was performed about 2 hours after death. 

Each kidney weighed about 300 grams. The capsule stripped easily. The 
surface was pale yellowish in color and smooth, with indications of fine light violet 
shadings. Blood dots could not be found. On cross section (fig. 33) the cortex 
was much enlarged, measuring from 9 to 20 mm. It was pale yellowish in color 
and contained fine radiate light violet stripes. The cortex was fairly well marked 
off from the medulla. In the pelvis a few hemorrhages were seen. 

Microscopic examination. The cortex contains stripes and patches of enlarged 
tubules (fig. 34) the character of which as convoluted tubules is still distinct in 
many places. In places these tubules are lined by much swollen epithelial cells 
that have undergone fatty or vacuolic degeneration (fig. 35) closing the tubules partly 
or entirely. In places the latter are lined by epithelial cells far gone in hyaline- 
droplet degeneration. The epithelial cells, mainly of these degenerated tubules, 
frequently contain pycnotic nuclei or have lost nuclei entirely. In many instances 
the epithelial cells are desquamated. In such places one finds signs of regeneration 
(fig. 36). Gaps in the epithelial layer are covered by endothelium-like epithelial 
cells, some of which contain karyokinetic figures. In the basal parts of the 
epithelial cells one sees nearly everywhere fine-grained fat (fig. 35) which mostly is 




Fio. 35. Case 59. For diagnosis see ligure 33. 

Xanllioina-like lii)oi(l cells in the interstitial tissue, h'atty degeneration of the 
convoluted tubules in the luniina of which one sees des(|uaniated epithelial cells 
and polymorphonuclear leucocytes. Mueller-formalin iixation, Sudan lll-hema- 
toxylin. X4()0. 





I'k;. M). Case 59. Kur diagnosis see figure 33. 

Regeneration in a gap of the epithelial layer {a). In the lunilna of the tubules 
coagulated ])rotein and some polymorphonuclear leucocytes {h). Mueller-forma¬ 
lin fi.xation, iron-hemato.xylin-cosin. XlhO. 

Fig. 37. Case 63. Anatomical diagnosis: amyloid nephrosis, Stage II. (dinical 
diagnosis: non-hemorrhagic degenerative Bright’s disease and tuberculosis. 

Marked amyloidosis of the glomeruli and arlerioli {<i). k'atly and hyaline- 
droplet degeneration of the convoluted tubules. Mueller formalin fixation, 
iron-hematoxyli n -eosi n. X 60. 

fiG. 38. Ca.se 63. For diagnosis see figure 37. 

Extensive hyaline-droplet degeneration of some tubules. J\fueller-formalin 
fixation, Gram. X2()(). 

Fig. 39. Case 66. Anatomical diagnosis: amyloid ne[)hrusis. Stage III. 
Clinical diagnosis: non-hemorrhagic degenerative Bright’s disease with renal 
failure. 

Extensive diffuse amyloidosis'of the glomeruli, arterioli, and arteries. Scar 
formation below the capsule with round-cellular infiltrations. Atrophy and 
degeneration of the tubules with numerous casts. Miudler-formalin fixation, 
iron-hematoxylin-eosin. X60. 
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doubly refractive. Within the lumina of the tubules one finds coagulated protein, 
some desquamated epithelial cells, and in some places also polymorphonuclear 
leucocytes (figs. d5 and d6). The minor parts of the tubules contain fairly large 
numbers of casts which increase in number towards the medulla. I he interstitial 
tissue of these parts of the cortex a{)pcars to be normal in most places. 

In other parts of the cortex, the interstitial tissue is frequently enlarged and 
contains increased collagenous connective tissue. Tn places there are small round 
cell infiltrations, some of which arc adjacent to hyalinized glomeruli. Jn other 
places, the /nterstitia/ tissue is swollen and penetrated by polymorphonuclear 
leucocytes which frequenth’ enter the tubules. Everywhere in the interstitial 
tissue of these parts of the cortex one finds large, xanthoma-like cells, which are 
stained yellowish by Sudan (lig. vTS), and which are doubly refractive. The tubules 
of the scarred parts are in all stages of atrophy and degeneration up to entire 
disappearance. Their epithelial cells are much more desquamated than those of 
other parts of the cortex, d'hey freciuently contain a large amount of fat which is 
very irregularly arranged. Occasionally one sees signs of regeneration. In some 
places one finds calcified casts. 

//a// of the glomeruli are well preserved (fig. 34), partly of normal size and partly 
enlarged. The enlarged glomeruli contain increased numbers of nuclei, but the 
increase is proportional to the size of the glomeruli. In a few places one finds 
small accumulations of endothelial cells in a single tuft. The tufts of the well 
preserved glomeruli are delicate and mostly well filled with blood. Occasionally, 
the capsule spaces are dilated and contain coagulated protein. There is little fat 
to be found in the covering cells of the glomeruli. Nowhere in these glomeruli 
does one see typical inllammatory lesions. 

The other half of the glomeruli are in all stages of hyaline degeneration. In some 
otherwise well jireserved glomeruli the cap.sules are concentrically thickened. 
Other glomeruli contain hyalinized tufts, especially at the entrances of the vessels; 
occasionally the tufts arc adherent to the capsules. A few of these glomeruli show a 
slight proliferation of the parietal epithelial cells, but nowhere crescent formations. 
About one-third of the glomeruli are entirely hyalinized and are sharply separated 
from their surroundings. 

The medulla is rich in collagenous connective tissue, which is swollen in places 
and contains some polymorphonuclear leucocytes and swollen round cells. In the 
tubules of the medulla numerous casts are seen, and in one place also some eryth¬ 
rocytes. The artcrioli are well preserved. The larger arteries show a moderate 
degree of intimal hyperplasia. All amyloid reactions are negative. 

Anatomical diagnosis. Lipoid nephrosis.^ 

Case 60. Hospital No. 5159. M. R., male, 30 years. Degenerative Bright's 
disease. 

^ A more detailed description and discussion of this case see in AlacKay and 
Johnston (1930), and Ehrich (1930). 
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Sixteen months before admission edema and albuminuria appeared and have 
remained since then. 

On admission the urine sediment contained no erythrocytes but some hyaline 
and granular casts. The eyegrounds, blood pressure and heart size were normal. 
Wassermann reaction was negative. Plasma globulin is 2.62 per cent, albumin 
2.17 per cent, blood urea nitrogen 19 mgm. per cent, blood creatinine 1.57 mgm. 
per cent, plasma cholesterol 417 mgm. per cent, basal metabolic rate -30.6 
per cent. 

During stay in hospital the urine sediment usually contained many hyaline and 
granular casts. The plasma albumin varied between 1.62 and 2.19 per cent. The 
other findings were unchanged, up to the time of discharge. Subsequent examina¬ 
tions, made 13 months and 16 months afterwards showed little change. 

Case 61. Hospital No. 5505. D. B., male, 9 to 10 years. Height 134 cm. 
Degenerative Bright^s disease. 

Two months before admission the patient had a slight cold followed by swelling 
of the face and legs and by albuminuria. 

On admission the urine sediment contained hyaline and granular casts and a 
few leucocytes and doubly refractive bodies. The eyegrounds, blood pressure and 
heart size were normal. Chronic tonsillitis was present but no sinusitis. Wasser¬ 
mann reaction was negative. Plasma globulin was 2.52 per cent, albumin 1.31 
per cent, blood urea nitrogen 32 mgm. per cent, blood creatinine 1.23 mgm. per 
cent, total fat in plasma 1.32 per cent and the basal metabolic rate —13.5 per cent. 

These findings did not change significantly during the period of observation 
except for the sediment, which, when the patient was last seen, 20 months after 
admission, contained no casts but still some leucocytes. At this time the patient 
was going to school and in good condition. He is still taking a salt-free diet. 
The septicemia 6 months after admission was caused by pneumococcus Type IV. 

Case 6Z. Hospital No. 5913, M. H., female, 23 years. Degenerative Bright's 
disease. Complicated by pregnancy. 

Seven months before admission albuminuria was accidentally found. One 
month later she became pregnant and during the next month edema appeared. 
An abortion was provoked, but the edema persisted. 

On admission the urine sediment contained no erythrocytes, some leucocytes 
and hyaline casts, and many granular casts. The eyegrounds, blood pressure and 
heart size were normal. Wassermann reaction was negative. Plasma globulin 
1.88 per cent, albumin 1.88 per cent, blood urea nitrogen 36 mgm. per cent, blood 
creatinine 1.51 mgm. per cent, plasma cholesterol 536 mgm. per cent, basal 
metabolic rate —16 per cent. 

During observation the number of casts decreased considerably. The plasma 
albumin increased to 1.94 per cent. The patient is still taking a salt-free diet. 
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Case 63. Hospital No. 6510. J. B., male, 46 years. Degenerative BrigMs 
disease {amyloid) with tuberculosis —► exitus. 

For 3 years before coming to hospital, the patient had had severe gastro¬ 
intestinal symptoms. Six months before admission edema of the feet and legs 
had appeared and he was told that he had Bright's disease because of the finding 
of albumin in the urine. He had lost 20 pounds in weight during the 3 months 
previous to the onset of edema. At no time had there been gross hematuria. 

On admission there were signs of advanced pulmonary tuberculosis. The 
blood pressure measured 120 mm. systolic and 80 mm. diastolic. The urine 
contained about 18 grams of protein per day, many hyaline casts, double refractive 
bodies, and many white blood and epithelial cells; no red blood cells were observed 
in the sediment The blood urea N was 17.1 mgm. per cent, and the plasma NPN 
was 36 mgm. per cent The albumin fraction of the plasma proteins was only 
0.87 gram per 100 cc. The globulin was increased to 4.4 per cent. The blood 
hemoglobin was 16.5 volumes per cent O 2 capacity. A phenolsulfonephthalein 
test resulted in a 70 per cent return of the dye in 2 hours. 

During the 3J months that the patient was under observation, the pulmonary 
lesion increased. Evidence of degeneration in the kidneys continued: the protein 
excretion in the urine remained above 20 grams per day, and the excretion of white 
blood and epithelial cells and casts increased. Excretion of red blood cells did 
not occur. The plasma proteins remained low, as did the blood pressure. The 
phthalein excretion was reduced to 38 per cent in 2 hours. The blood urea 
nitrogen did not rise above 27 mgm. per cent. The development of intestinal 
tuberculosis lesions, during the second month that the patient was in the hospital, 
hastened death. 

Autopsy. Autopsy No. 313/1928. We were permitted to do only an autopsy 
of the abdominal cavity. This was performed 13 hours after death. 

' Death by chronic pulmonary and ulcerous intestinal tuberculosis. Extended 
amyloidosis was present also in the kidneys, in liver, spleen, adrenals and intestine. 

The right kidney weighed 210, the left 220 grams. Both kidneys were firm. 
Their capsules stripped easily. The surface of each was smooth and yellowish 
gray in color. The cortex was enlarged and similar in color to the surface. It 
was well marked off from the brown red medulla. 

Microscopic examination. All glomeruli are more or less diseased. In each 
glomerulus all or part of the loops are infiltrated with amyloid in diffuse distribution 
(fig. 37). The amyloid gives a positive iodine sulfuric acid reaction as well as a 
positive methyl violet reaction. Frequently the glomeruli contain tufts well 
filled with blood. There is no fat within the glomeruli. Occasionally one finds 
increase in the number of nuclei in some tufts. The parietal epithelial cells are 
increased in number in some instances. 

Nearly all arterioli are changed in to thick amyloid tubes (fig. 37), the lumina of 
which are open in most places. Occasionally they contain fat. The larger 
arteries contain only a little amyloid and show slight degree of intimal hyperplasia. 



D. D. VAN SLYKE ET AL. 


589 


The tubules of the cortex are markedly changed. The proximal tubules are 
enlarged and lined with greatly swollen epithelial cells which in places close the 
lumina entirely. The epithelial cells have undergone degeneration, which is 
partly of the fatty, partly of the hyaline-droplet type (fig. 38). Frequently they 
contain pycnotic nuclei or have lost them entirely. In many instances the 
epithelial cells are desquamated. In such places there are signs of regeneration. 
In the basal parts of the epithelial cells one sees nearly everywhere fine or coarse 
grained fat, part of which is doubly refractive. Also the distal parts of the tubules 
contain in places much fat. In the lumina of the tubules one finds some coagulated 
protein, many swollen and desquamated epithelial cells, and in some places also 
polymorphonuclear leucocytes. Everywhere they contain numerous casts. 

The interstitial tissue is well preserved. In a few places small scars are seen 
which may contain small round cellular infiltrations. 

Anatomical diagnosis. Amyloid nephrosis (Stage II of Fahr). 

Case 64. Hospital No. 5219. B. F., female, 24 years. Degenerative Bright*s 
disease —► exitus. 

Ten months before admission edema gradually appeared, followed by loss of 
strength and appetite. Two months before admission the patient had pleurisy for 
3 weeks. 

On admission marked asthenia and some abnormal increase in skin pigmentation 
was found. The urine sediment contained some leucocytes and hyaline casts. 
The eyegrounds were normal except for pigmentation. The blood pressure was 
98/76. The heart was a “drop-heart.” A test meal showed achylia gastrica. 
Wassermann reaction negative. Plasma globulin was 2.08 per cent, albumin 
1.77 per cent, blood urea nitrogen 25 mgm. per cent, blood creatinine 1.27 mgm. 
per cent and the basal metabolic rate ll.O per cent. 

During observation the urine sediment showed an increasing number of granular 
casts. Occasionally doubly refractive bodies were found, but never any erythrocyte 
casts. The blood pressure remained abnormally low until 5 months after admission; 
it then rose to about 125/80, but decreased again during the last 8 months of 
observation. Diarrhoea was often present, and anorexia and asthenia most of 
the time. Amenorrhoea was present during a period of 5 months. The plasma 
albumin gradually increased to about 2.4 per cent, but one week before death it 
was only 1.82 per cent. Five months after admission the blood urea nitrogen 
began to rise. One week before the death the blood urea nitrogen was 211 and the 
creatinine 9.1 mgm. per cent. Death occurred in asthenia after a period with 
diarrhoea and oliguria. The day before death the blood pressure was 66/38. No 
autopsy. Addison’s disease was suspected. 

Case 65. Hospital No. 5949. M. K., male, 20 years. Degenerative Bright*s 
disease —► uremia exitus. 

For several years he had a chronic infection of the nose. This practically ceased 
after an operation 5 months before admission. Eight months before admission 
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edema and ascites appeared. Three months later albuminuria was found, but 
the blood pressure and blood urea nitrogen were normal. 

On admission the urine sediment contained a few erythrocytes, some leucocytes, 
many granular and cellular casts, and occasional doubly refractive bodies. The 
eyegrounds, blood pressure, and heart size were normal. Wassermann reaction 
negative. Plasma globulin was 2.47 per cent, albumin 1.30 per cent, blood urea 
nitrogen 35 mgm. per cent, blood creatinine 1.46 mgm. per cent, plasma cho¬ 
lesterol 877 mgm. per cent, and basal metabolic rate —28.2 per cent. 

During observation the plasma albumin decreased further to a minimum of 
1.17 per cent and then rose gradually to 1.80 per cent. The plasma cholesterol 
decreased and was 226 mgm. per cent 9 months after admission. The urine 
sediment and blood pressure had not changed significantly. The blood urea 
nitrogen increased to 99 mgm. per cent, the blood urea clearance fell to values 
characteristic of the terminal stage and death followed in uremia. No autopsy. 

Case 66, Hospital No. 6834. F. A., male, 42 years. Degenerative Bright*s 
disease (amyloidosis) —> uremia -♦ exitus. 

The patient passed an insurance examination 3 years before admission and was 
told he had abnormally low blood pressure at that time. Onset 17 months before 
admission with weakness. Edema appeared 5 months later. There had been no 
gross hematuria noted. From 2 months previous to admission there had been 
severe abdominal cramps, also intermittent diarrhea. 

On admission to hospital the patient was in uremia. The blood urea nitrogen 
was 86.1 mgm. per cent. Non-protein nitrogen 115 mgm. per cent. The phenol- 
sulphonephthalein test resulted in less than 1 per cent return in 2 hours. The 
blood pressure was 110/55. The plasma albumin was somewhat reduced to 3.1 
per cent, the globulin remaining normal at 2.7 per cent. A fresh specimen of 
urine revealed by ordinary microscopic examination no red blood cells. However, 
a concentrated 12-hour specimen showed 1,600,000 red blood cells (normal limit =» 
500,000), 27,000,000 white blood cells and epithelial cells, and 600,000 casts, 10 
per cent of which were of Addis’ renal failure type, 5 per cent hyaline, 5 per cent 
epithelial, and 80 per cent granular in character. The protein excretion in the 
urine was 3.5 grams daily. While under observation, the patient’s condition 
became rapidly worse, and he died of uremia on the tenth day. The blood pressure 
remained low to the end; the systolic measured between 90 and 110 mm. and .the 
diastolic between 55 and 78 mm. 

Autopsy, Autopsy No. 317/1929. Autopsy commenced 8 hours after death. 

Death in uremia. Uremic hemorrhages in the intestine. Extended amyloidosis, 
in the kidneys, liver, lung, adrenals, pancreas, spleen and intestine. Fresh sero¬ 
fibrinous pericarditis. Old healed endocarditis of the mitral and aortic valves. 
Moderate atheromatosis of the aortic cusp of the mitral valve, of the coronary 
arteries and of the aorta. An etiologic cause for the amyloidosis could XK)t be 
found. 

The right kidney weighed 160, the left 170 grams. The capsule of each stripped 
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easily. Both kidneys were remarkably llabby. d'he cortex was yellowish gray 
in color and hnely granulated. Hemorrhages were not seen. The cortex was of 
about normal breadth, yelK)wish gray in color and faded. It was well marked off 
from the medulla. 

Microscopic exo mi nation. 'I'he glomeruli are of about normal size. 

Frequently, they till out the capsules entirely. Their tufts air iircatly infiltrated 
with amyloid in diffuse distribution (tigs. 39 and 40). Tlie am\'loid no longer 
gives iodine sulfuric acid reaction, but does give a positive methyl violet reaction 
in many {ilaces. Only a few glomeruli still contain blood. Most of the glomeruli 
do not show anv ervthrocytes. Many tufts are poor in nuclei. Many glomeruli 



Fro. 40. Case 06. For diagnosis see figure 39. 

Extensive diffuse amyloidosis of the arteries, arterioli, and glomeruli. Distinct 
scar formation in the interstitial ti.ssue. Atrophy and degeneration of the tubules. 
In the tubules man}' casts. Mueller-formalin fixation, elastica-Van (lieson. 

X60. 

contain much fat in their tufts (fig. 41). The i)arietal ciiithelial cells are occasion- 
ally increased in number. Single glomeruli are hyalinized and stained red by 

Van Gieson. i .nx u 

Ncarlv all arterioli are changed into thick amyloid lubes (figs. 39 and 40), the 

lumina of which are narrowed or closed entirely. Frequently tliey contain fat. 
Also the larger arteries arc much infiltrated with amyloid. In most places all 
layers of the walls are affected. However, the largest amount of amyloid is found 
in the adventitial layer. Occasionally, the media is fairly well preserved. Tht 
intima of the larger arteries is hyperplastic in some instances and contains fat. 

Also in the interstitial tissue of the kidneys, especially of the medulla, diffuse 
amyloid is found. 
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The tubules are in the stage of advanced atrophy up to entire disappearance. 
PTequently, they arc dilated and their epithelial cells flattened so thiil it is often 
difficult to dilferentiate ascending and descending tubules. Occasionally, the 
epithelial cells contain fat which is very irregularly arranged. Vacuolic degenera¬ 
tion is distinct in some places, but as a slight hyaline-droplet degeneration, not 
very conspicuous. The epithelial cells arc frequently desquamated. Occasionally 
one sees signs of regeneration. In the lumina of the tubules one finds coagulated 
protein. Of the epithelial cells some are desquamated and some have undergone 
fatty degeneration. In a few places there are pol>morphonuclear leucocytes. 
Everywhere the tubules contain large numbers of casts. 

The interstitial tissue of the kidneys is frequently enlarged and contains increased 
collagenous connective tissue. In such scars one sees round cell infiltrations 
(fig. 39). In a few interstitial places one finds some polymorphonuclear leucocytes 
entering the tubules. The capillaries are in part well filled with blood. 

Anatomical diagnosis. Amyloid nephrosis (Stage III of Fa hr). 

SUMMARY 

Clinical, chemical and functional observations, continued for periods 
varying from a few weeks to several years, are reported on 67 patients 
with Ikight’s disease, hemorrhagic, sclerotic, and degenerative. Gross 
and microscopic anatomical findings are described for 17 of these cases. 

Our observations support the view of Volhard and Fahr and of 
Addis that the three types of Ikight’s disease are essentially different in 
their genesis and jiathological nature: the hemorrhagic or glomerular, 
rharked primarily by glomerular inflammation, with hematuria and 
usually diminished renal function (even in the acute stage); the sclerotic 
disease, marked primarily by pathological changes in the small arteries 
of the kidneys (and usually other organs), with hypertension as the 
first sign and diminished renal function only as a terminal phenome¬ 
non; the degeneralive disease or diseases, called nephrosis, marked 
primarily by degenerative changes in the kidneys, without hyper¬ 
tension and with hematuria. Contrary to the apparently general 
belief, except that of Addis, we have observed that gradual decrease 
of urea excreting ability frequently develops during the course of 
nephrosis, and that the disease may end in uremia, the glomeruli being 
then involved in the degenerative changes. 

Our data also support the belief of Volhard and Fahr and of Addis 
that it is possible from observations during the course of the disease 
to deduce the general nature of the pathological changes occurring 





41. (\isc Of). I'or clia^j;nosis see figure .^9. 

'File tufts of the glomerulus are infiltrated by am\'loi(l and fat. Some of the 
looi)s contain dark-blue stained grains (calcium?). 'The alTerent arteriole is 
entirely changed to amyloid matter. Alueller-formalin fixation, Sudan III 
hematoxylin. X200. 
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in the kidneys. In the cases clinically diagnosed as hemorrhagic 
nephritis and examined post-mortem, the changes characteristic of 
glomerular inflammation were outstanding, except in some diagnosed 
as hemorrhagic plus arteriosclerotic, in which it was difficult to tell 
histologically whether the glomerular or arterial changes were primary. 
In the cases diagnosed as arteriosclerotic and as degenerative Bright^s 
disease (nephrosis) the post-mortem findings were confirmatory. 
The clinical differentiation between lipoid and amyloid nephrosis 
was not attempted. 

The diagnoses have been made chiefly on the basis of observations of 
the urea excreting power of the kidneys, measured by the blood urea 
clearance (cubic centimeters of blood cleared of urea by 1 minute’s 
excretion, Miller, McIntosh, and Van Slyke (1928)), of the hematuria, 
blood pressure, plasma protein content, proteinuria, and edema. 
Blood hemoglobin content was also followed, and although not of 
decisive diagnostic value was found to be of interest as an indication 
of the toxic damage suffered by the organism, and to have prognostic 
significance. The above observations are presented in charted form 
for each patient. 

In acute hemorrhagic nephritis the prognosis was found to be in¬ 
dependent of the severity of the disturbances during the first weeks, 
with the single exception of the plasma albumin content. The ma¬ 
jority of cases in which this fell to a low level became chronic. In¬ 
tensity of hematuria, proteinuria, and degree of hypertension had no 
apparent relation to the probability of recovery. Fall of the renal 
function to as low as 10 per cent of normal, measured by the blood urea 
clearance, was found not inconsistent with apparently complete 
recovery. The majority of cases showed during the first two months 
a decided fall in renal function measured by the blood urea clearance. 
In all these cases which recovered or improved, however, the blood urea 
clearance began to rise within 4 months after the acute hemorrhagic 
onset. The occurrence or non-occurrence of this rise in renal function 
constituted the most definite single prognostic sign. 

After the initial acute stage of hemorrhagic nephritis a period was 
observed in some cases during which hematuria and hypertension quite 
disappeared, while proteinuria,* plasma protein deficit, and edema 
still persisted. During this stage, these cases, except for their acute 
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hemorrhagic history, were indistinguishable from nephrosis. Sub¬ 
sequently in a few months, however, they either completed recovery 
or improvement to the symptom-free latent stage, either of which was 
a relatively rare occurrence in our nephrosis cases, or else they de¬ 
veloped into chronic hemorrhagic nephritis. 

The tendency to non-cardiac edema was found to parallel approxi¬ 
mately the fall in albumin content of the blood plasma, except during 
the first weeks of acute hemorrhagic nephritis. Edema during this 
period was repeatedly observed even when the plasma proteins 
remained normal. The edema was, however, moderate and temporary 
unless plasma albumin deficit developed. In all stages of nephrosis 
plasma albumin deficit and tendency to edema occurred together. 
One case of amyloid nephrosis, the diagnosis of which was checked by 
autopsy, was exceptional in that edema had been present to only a 
slight extent: in this case the plasma albumin showed only a relatively 
moderate fall below normal. In arteriosclerotic renal disease plasma 
proteins were never markedly reduced, and only cardiac edema was 
observed. 

Of the different features of the disease that were followed, the blood 
urea clearance proved to be the most closely related to the onset of 
final renal failure. The renal function, measured by the clearance, 
could apparently remain indefinitely at 10 per cent of normal without 
uremia; but when it fell to below 5 per cent uremia occurred and was 
usually fatal. Exceptions to the immediately fatal outcome were 
found in acute cases, which can recover if the functional depression 
does not last too long, and occasionally a terminal case, in which the 
functional fall is partly due to factors, such as desiccation, other than 
destruction of renal tissue. In such a case treatment, particularly 
saline and glucose injections, may both improve general condition 
and somewhat increase the blood urea clearance, although the added* 
lease of life appears to be at most a few months. 

The above summary indicates only incompletely the nature of the 
observations reported. The variations within each of the 3 types of 
Bright’s disease studied are great, and a study in detail of the case 
examples presented is necessary for utilization of the material con¬ 
cerning the incidence, intensity, time relationships, and diagnostic and 
prognostic significances of the functional and chemical disturbances 
that have been studied. 
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A COMPARISON OF THE UREA NITROGEN CONTENT OF 
CUTANEOUS AND VENOUS BLOOD BY MICRO 
GASOMETRIC ANALYSIS 

By CHRISTOPHER JOHNSTON 

(From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, April 8, 1930) 

Svensgaard (1) using the micro urea method of Rehberg (2) com¬ 
pared the urea concentrations in blood from the arm vein with that 
of cutaneous blood from the lobe of the ear. In 29 of 32 analyses of 
the blood of normal fasting subjects she found the urea of the capillary 
blood higher tha 4 n that of the venous blood. The average difference 
was 10 per cent of the venous urea content, but individual differences 
were as high as 24 per cent, buch results, if confirmed, would indicate 
that the use of cutaneous blood from the ear for analysis could intro¬ 
duce errors up to 24 per cent in tests of renal function, such as the 
blood urea clearance used in this clinic (3, 4, 5), which depend upon 
blood urea determinations. 

It was therefore thought advisable to make a series of determinations 
of the urea content of samples of cutaneous and venous blood taken 
simultaneously and both analyzed by the Van Slyke micro gasometric 
method (6) in order to ascertain whether the variations found by 
Svensgaard could be confirmed. A report of the analyses is given in 
this paper. 

METHODS 

Into each of two small lubes (10 mm. inner diameter and 50 mm. in length) a 
little powdered heparin was introduced. The tubes were then rotated horizontally 
until the heparin was evenly distributed, and were then inverted so that only the 
finely powdered heparin which clung to the walls of the tube remained. After 
preliminary rubbing to produce hyperemia, the lobe of the ear was punctured 
deeply enough to insure a free flow with only slight pressure, and sufficient blood 
was collected in one tube. From time to time during the collection the puncture 
wound was wiped clean so that only fresh blood would be obtained. Vena 
puncture was done immediately afterward, either with or without stasis. The 
samples were taken immediately to the laboratory and 0.2 cc. portions measured 
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TABLE 1 


Comparison of the urea nitrogen content of cutaneous and venous blood 



Venous blood urea 
nitrogen 

Cutaneous blood 
urea nitrogen 

Absolute difference 
venous minus 
cutaneous 

BIS per 
nous 


Subject 

IS 

SA 

ll 

s 

1 

Maximum 

deviation 

j| 

1 

ll 

I'g 

s'® 

Difference 
cent of VC 

Remarks 


mgm. 
per 
100 cc 

mgm. 

per 

too cc. 

per 

cent 

mgm. 

ih^cc. 

mgm. 

per 

100 u. 

per 

cent 

mgm. 
per cent 



f 

9.2 



9.5 






W. N. < 

9.5 

9.4 

2.1 

9.6 

9.6 

1.0 

-0.2 

2.1 

Normal 

1 

* 



9.7 






A. H. 1 

9.6 

10.0 

9.8 

2.0 

10.1 

9.8 

10.0 

2.0 

-0.2 

2.0 

Normal 


10.2 



10.0 






R. H. 

10.0 

10.1 

1.0 

10.1 

10.1 

1.0 

-0 

0 

Normal 


* 



10.2 






' 

11.5 



11.3 






W. K. 

10.5 

10.9 

6.0 

12.0 

11.7 

3.4 

-0.8 

7.3 

Normal 


10.7 



11.9 







13.8 



14.11 



1 



M. L. 

13.8 

13.8 

0 

13.6 

13.9 

2.2 

-0.1 

0.7 

Normal 


13.8 

1 


14.1 

1 

1 





f 

14.8 



15.0 

1 





A. S. A. \ 

15.1 

14.9 

1.3 

14,7 

14.8 

1.4 

+0.1 

0.7 

Normal 

1 

V 

14.9 



14.6 






[ 

17.1 



16.8 






A. S. A. 

17.4 

17.4 

1.7 

17.6 

17.2 

2.3 

+0.2 

1.2 

Normal 

1 

17.7 



17.3 







9.6 



9.3 






A. C. 

9.4 

9.5 

1.1 

9.7 

9,6 

3.1 

“0.1 

1.1 

Nephritic, during 


9.6 



9.7 





diuresis 

f 

40.8 



40.4 



1 



J.D. 

41.3 

41.0 

0.8 

39.8 

39.7 

2.0 

+1.3 

3.2 i 

Nephritic, urea therapy 

1 

40.8 



38.9 







Average of all venous bloods 42.4 mgm. per cent. Average of all cutaneous bloods 
42.4 mgnt. per cent. 

* Discarded because of gross error. 
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TABLE 1 —Concluded 



Venous blood 
nitrogen 

urea 

Cutaneous blood 
urea nitrogen 

h 

^.9 . 

1 


Subject 

Individual 

analyses 

Mean 

|| 

•o ^ 

li 

a " 

I 

a 

Maximum 

deviation 

Absolute dil 
venous m 
cutaneous 

Difference 
cent of VC 

Remarks 


tngm. 

,tou. 

mgm. 

per 

cent 

mgm. 

per 

too cc. 

mgm. 

per 

too cc. 

per 

cent 

mgm. 

Percent 



f 

63.6 



64.0 






J.E. 

64.3 

63.9 

0.6 

63.7 

63.8 

0.3 

+0.1 

0.2 

Nephritic, urea therapy 

1 

63.7 



63.8 







101.1 



103.9 






M. G. 

102.1 

101.8 

0.7 

103.6 

103.8 

0.2 

-2.0 

2.0 

Nephritic. Uremia 


102.2 



* 






f 

117.9 



116.6 






D. McK. ^ 

118.7 

118.3 

0.3 

117.3 

117.2 

0.5 

+1.1 

0.9 

Nephritic. Uremia 

1 

« 



117.8 






f 

129.9 



130.1 






J. O’M. 1 

129.9 

130.1 

0.4 

131.0 

130.1 

0.7 

0 

0 

Nephritic. Uremia 

1 

130.6 



129.2 







into tubes containing 1 cc. of 0.02 N lactic acid as described by Van Slyke. As 
analyses were made in triplicate, three accurately calibrated pipettes were used. 
After taking the three samples of blood from one source they were washed and 
thoroughly dried before using again. After addition to lactic acid, the samples 
stood at room temperature. As each analysis takes 15 minutes, and as at least 
two blank determinations were made with each experiment, the last sample stood 
approximately 2 hours before analysis, but it seemed to make no difference. 

The method of collecting blood from the ear into a tube rather than by drawing 
directly into a pipette was chosen because it is easier, and measurement of the 0.2 
cc. samples can be made more comfortably and hence with greater accuracy in the 
laboratory. There is no trouble from clotting. 

Bleedings were done between one and two hours after lunch, except in three 
experiments, which were done about the same length of time after breakfast. No 
attempt was made to control diet. 


RESULTS 

Inspection of table 1 shows that the gasometric method, using 0.2 
cc. of whole blood, gives results of sufficient accuracy to demonstrate 







602 


UREA OF CUTANEOUS AND VENOUS BLOOD 


any essential difference in the concentration of urea nitrog n between 
cutaneous and venous blood. Occasionally, through faulty te imic, 
one gets a reading that is obviously incorrect and has to be discarded. 
This happened but four times in this series of 72 analyses. In the case 
of subject W. K., it is likely that one of the stopcocks was leaking 
slightly, which led to the introduction of an error much larger than 
usual. For this reason the experiment should probably be discarded 
but it is included here for the sake of completeness. No experiments 
have been omitted from the table. 

Excluding the observation in question, five of the remaining twelve 
sets of analyses showed a higher concentration in cutaneous blood 
(average 1.6 per cent), five showed higher concentration in venous 
blood (average 1.2 per cent), and two showed no difference. The 
average concentration in the twelve samples of both venous and cu¬ 
taneous blood is 45.0 mgm. per cent urea nitrogen. The maximum 
difference in any one experiment was only 3.2 per cent. 

DISCUSSION 

Marshall and Davis (7) in a study of the distribution of urea in the 
body concluded that ^Hhe urea content of all organs and tissues is 
approximately uniform, and approximately equal to that of blood, 
both in normal conditions, and when there is an abnormally large 
amount of urea present.Furthermore “when urea in solution is 
injected intravenously, it diffuses to all parts of the body almost 
instantly, the diffusion being complete in a few minutes.^’ Gad- 
Andresen (8) came to essentially the same conclusions with regard to 
equilibrium between tissues and blood, and in addition found that 
the distribution coefficient between body secretions and blood plasma 
was unity, with the exception of sweat and tears, in which the con¬ 
centration of urea was higher than in the plasma. He found, however, 
that plasma contained more urea than the erythrocytes, the distribu¬ 
tion coefficient being between 0.72 and 0.82. Both Marshall and 
Davis and Gad-Andresen found that fat is an exception to the general 
rule in that it is relatively poor in urea. The experiments of Bollman, 
Mann, and Magath (9) seem definitely to have established that urea 
formation is a function of the liver only. If equilibrium exists between 
blood and tissues, one would expect to find no difference in the con¬ 
centration of urea between venous and cutaneous blood. 
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^ far, no explanations have been found to account for the apparent 
iifferences noted by Svensgaard. The fact that the mean error of 
her tests was ±1 mgm. urea (0.47 mgm. urea N) might have contrib¬ 
uted some, but the a,verage difference noted was much greater than 
this. Returning again to her observations on normal subjects, the 
concentration of urea in capillary blood varied between 4 and 22 per 
cent higher than in venous blood. After administration of urea, or of 
protein the differences were from 1 to 7 per cent. In seven cases of 
icterus the variation was from 2 to 23 per cent, in five cases of nephritis 
from 1 to 13 per cent, and in 8 of 9 diabetics from 2.2 to 24 per cent. 

SUMMARY AND CONCLUSIONS 

1. The concentration of urea nitrogen in the blood from ear punc¬ 
ture has been compared with that from the vein in 13 experiments on 
6 normal and 6 nephritic subjects, without regard to food intake. 

2. No difference between venous and cutaneous blood exceeding the 
limit of experimental error was found to exist. 
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STUDIES ON A-AVITAMINOSIS IN CHICKENS 

I. Lesions of the Respiratory Tract and Their Relation to 
Some Infectious Diseases 

By OSKAR SEIFRIED,* V.M.D. 

[From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N. /.) 

Plates 21 to 23 

(Received for publication, June 19, 1930) 

The diseased condition of chickens resulting from a lack of vitamin A 
in the diet is probably the most important of the nutritional diseases 
caused by A-avitaminosis in domestic animals. As pointed out by 
Beach (1) and Seifried and Schaaf (2), it causes serious losses on 
poultry farms. The clinical and anatomical picture closely resembles 
that found in some of the most important infectious diseases of fowls, 
chicken pox, coryza contagiosa, and infectious bronchitis. Golblatt 
and Benischek (3), Tyson and Smith (4), and Wolbach and Howe (5) 
have described the histological changes following a lack of vitamin A in 
the diet in guinea pigs, rats, and in one human individual. The 
characteristic changes are the substitution of stratified keratinizing 
epithelium for normal epithelium in various parts of the respiratory 
tract, alimentary tract, eyes, paraocular glands and the genito¬ 
urinary tract. No studies have been made of the histological changes 
in A-avitaminosis in fowls. It is the purpose of this paper to report 
such studies and to compare the changes with those found in certain 
infectious diseases. 

Material 

The material used consisted of 16 cases of A-avitaminosis, of which 12 were 
produced experimentally and 4 were spontaneous. The diet employed for the 
experimental production of the disease was identical with that used by Beach and 

* Professor extraordinary at the University of Giessen, Germany. 
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by us in our earlier experiments. It consisted of 50 parts wheat bran, 50 parts 
wheat shorts, 50 parts ground barley, 10 parts meat scrap, 10 parts lish scrap, and 
20 parts soybean meal. We used chickens about 3 months old, for according to 
our earlier experiments and in common with other investigators, wc 1 e observed 


that a much shorter period is required to produce the charactr symptoms 
followed by death in young, partially grown animals, than . This is 

brought out in the present experiments in which Chickens 1' " Table 1) 

that were about 3 months older than the other animals, symptoms 


much later and to a minor degree than did the younger ^insure the 

presence of vitamin D, all animals were exposed daily to sunlight or to ultraviolet 
light. The six controls (Nos. 17-24) received the same food mixture and in addi¬ 
tion plenty of greens (alfalfa, cabbage) and 3 cc. of cod liver oil daily given with a 
dropper. All of the controls remained well, failing to show any gross pathological 
or histological lesions. No symptoms of rickets or of a deficiem f vit. min B 
were observed at any time during the experiment. Table I gives aii letaii of the 
experiment together with the gross pathological findings. 

Methods 

Most of the tissues were fixed in 10 per cent formalin immediately after autopsy, 
but in a few cases Zenker’s fluid was used. The tissues from the nasal passages 
and the sinuses were decalcified, some in 5 per cent nitric acid and some in 5 per 
cent formol-nitric acid. All tissues were imbedded in parafiin, and for special 
purposes frozen sections were made. For routine stains hematoxylin and eosin, 
van Gieson’s stain, and Mallory’s methylene blue phloxine, as modified by Davidoff 
(6) and McGregor (7), were used. In addition the following stains were used for 
special purposes; methylene blue. Gram’s and Giemsa’s stain,—the best results being 
obtained with the last, with tissues fixed in formalin as well as in Zenker’s fluid, by 
the modification given by Wolbach,—Weigert’s elastic tissue stain, Weigert’s 
fibrin stain, fat stain with Sudan III and Scharlach R, oxydase reaction, the stains 
with methylgreen-pyronin and fuchsin-light green, with mucicarmine (Mayer), 
thionin, toluidin, cresylecht-violette, and Pasini’s method with waterblue-orcein, 
which gave distinct results in staining the keratohyalin globules, and finally stains 
with ferric sulfur, calcium permanganate, Congo red (keratinization), and Ham- 
merschmidt’s stain for Guarnieri’s inclusion bodies. 

Gross Pathology 

Nasal Passages and Sinuses ,—Sagittal and gross sections through 
the nasal cavities and the communicating sinuses show all stages of a 
disturbance of the lining of the nostrils and cleft palate. 

Early in the disease the turbinate bones (concha superior and inferior) are filled 
with seromucoid, water-clear masses, which by the application of slight pressure 
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can be forced out of the nostrils and cleft palate. Owing to the consistency of the 
exudate and the complicated structure of the nasal fossae, the vestibule becomes 
plugged and the exudate overflows into the paranasal sinuses, often early in the 
disease. On the other hand, the exudate may be forced through the cleft palate, 
filling up the region around the vomer with seromucoid masses. Later this 
exudate becomes transformed into white or slightly yellow caseous masses which 
are found between the turbinate bones, in the nasolacrimal duct, nasal vestibule, 
and sinuses, causing more or less swelling of the face (Figs. 1 and 2). This involve¬ 
ment of the nasal passages and the sinuses may be uni- or bilateral. If on one side, 
the turbinate bones and the sinuses may become so enlarged that they extend over 
the median line and compress the opposite nasal fossa. The characteristic eye 
lesions in this disease, which will be described in another paper with M. Westhues, 
are complicated by the blocking of the nasolacrimal duct. When the sinuses are 
completely filled, the bulbus of the eye, which cannot move in a ventral direction, 
is pressed against the os frontale and sometimes forced out in a lateral direction. 
The protrusion of the palate into the cavity of the mouth, often observed in virus- 
diphtheria, is not usually seen in A-avitaminosis. After the inflammatory prod¬ 
ucts have been removed, the mucous membranes throughout the nasal passages 
and sinuses show a peculiar, thin, rough and dry membrane, which may also be 
found in the mouth and throat. Unattached masses of white caseous material are 
often present in the cleft palate and in the surrounding mucous membrane of the 
roof of the mouth. 

Larynx and Trachea ,—Almost regularly in A-avitaminosis of 
chickens marked lesions occur also in the larynx, trachea and bronchi. 
As shown in the table, they are found in the early as well as in the 
later stages of the disease. 

Chickens 11 and 12 on a diet lacking vitamin A showed no gross lesions, but 
microscopically early changes were found in the glands of the mouth, esophagus 
and trachea. Those in the trachea were apparently the most marked and were 
probably the oldest. The lesions in the trachea have as yet received no attention, 
but we feel that they were of special importance as it is so difficult to distinguish 
them from those commonly found in roup, diphtheria, and infectious tracheitis. 
In addition to the lesions near the entrance of the pharynx, consisting of pustule¬ 
like patches which are due to collections of white caseous material in the mucous 
glands, glandula cricoarytenoidea, the pathologico-anatomical picture is character¬ 
ized by a peculiar laryngitis, tracheitis, and bronchitis. The mucous membrane of 
the anterior end of the larynx on its ventral side and in the pointed angle which is 
formed by the cartilages of the larynx, often shows caseous crumbly white masses. 
Similar lesions are frequently found throughout the entire length of the trachea and 
often in the bronchi. In very early stages, however, they are much less marked 
and may be difficult to see. The mucous membrane is then covered with a fine 
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film or haze; it is dry, dull, and slightly uneven on the surface, whereas the normal 
membrane is moist. In other cases small nodule-like particles may be visible in or 
beneath the mucous membrane, especially in the upper part of the trachea. In 
later stages the gross lesions are much more striking and may easily be seen with 
the naked eye. More or less thin membranes cover the mucous membrane 
throughout the entire length of the trachea and the bronchi. In most cases these 
membranes are pulled off the underlying mucosa, thus forming a thin-walled con¬ 
tinuous tube within the trachea and bronchi (Fig. 3), a condition that might be 
mistaken for infectious tracheitis. The smaller bronchi very often become com¬ 
pletely plugged with these membranes causing bronchiectasis. In some cases the 
larynx shows the most marked changes while in others the trachea is more involved. 

Ilistopaihology 

Larynxf Trachea, and Bronchi ,—The changes in these structures are 
the more easily understood as the normal anatomy is less complicated 
than in the nasal fossae and adjoining sinuses. 

The first lesion is in the columnar ciliated epithelium and is characterized by an 
atrophy of the cytoplasm and a loss of the cilia. Along with this protoplasmic 
change, the nuclei often present more or less marked karyorrhexis. The atrophy¬ 
ing and degenerating ciliated cells hang like tufts on the basement membrane and 
later are pushed off and may form a pseudomembrane. 

While this process is going on, there appear as islands beneath the original 
epithelium new cylindrical or polygonal cells either singly or in layers. These are 
especially marked in the trachea where they may appear as focal syncytial masses 
(Fig. 4). The cells evidently have their origin in the original columnar epithelium. 
They differ from the original cells in that their nuclei stain more deeply with basic 
dyes, and the presence of numerous mitoses indicates that they are dividing rapidly. 
Mitotic figures are especially numerous in the deeper layers of this newly formed 
epithelium. As these new cells become more numerous and form layers beneath 
or in place of the original epithelium, the cells nearer the surface are more and more 
flattened, the nuclei become larger and contain less chromatin. Later the super¬ 
ficial cells are quite flat, the cytoplasm is homogeneous and the nuclei are lost 
(Figs. 5 and 6). In this stage the cell boundaries become less clearly defined and 
at the surface the cells are desquamated as hard, dry, flattened scales. Tasini’s 
waterblue-orcein method shows keratohyalin granules scattered irregularly in the 
cytoplasm of these cells. In the outer layers these granules sometimes fuse and 
form hyalin masses of eleidin. The process resembles very closely the incomplete 
keratinization of the mucous membranes, especially that of the esophagus and 
certain parts of the tongue of chickens. The columnar ciliated epithelium lining 
the trachea and bronchi and the epithelium of the submucous glands thus become 
transformed into squamous stratified keratinizing epithelium with typical inter¬ 
cellular bridges. Owing to the fact that the keratinized epithelium extends as a 
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continuous layer into the glands of the submucosa, the picture strikingly resembles 
that of the mucous membrane of the cavity of the mouth, and to a less extent of 
the normal skin. This is brought out in Fig. 6. Eosinophilic leucocytes which 
are normally found in the keratinized epithelium of the tongue and esophagus 
appear either scattered or in small foci. Other cells which may be associated with 
secondary bacterial infections also appear. 

Along with the formation of this keratinized epithelium the original columnar 
cells are thrown off either singly or in layers. Some of these cells may appear 
practically normal, but the majority lose their cilia, the protoplasm takes the 
routine stains less intensely, and the cells later become distended so that they have 
the appearance of a ball or a balloon (Fig. 7). The chromatin in the nuclei of these 
cells becomes irregular and fragmented, and later only a few chromatin knots 
remain scattered irregularly in the balloon-shaped cytoplasm. Finally the cells 
appear as more or less homogeneous shadows, the whole process being that de¬ 
scribed by Unna as “balloon degeneration.” This balloon degeneration involves 
not only the original epithelium but also the squamous keratinizing cells. Occa¬ 
sionally these degenerating cells may fuse and form what may be called ‘‘balloon 
giant cells.” The cell boundaries may still be visible in these unusually large giant 
cells. 

In the deeper layers of the new epithelium a reticular degeneration of cells may 
be found. The cells are enlarged, the cytoplasm is occupied by round vacuoles, 
sometimes to such an extent that it is only visible as a reticular network, the nuclei 
show numerous chromatin clumps, and nuclear material may be extruded into the 
cytoplasm. This type of degeneration is not as common as the balloon type. 

The degenerating cells become separated and collect in the lumen of the trachea 
and bronchi in the form of a membrane in which numerous bacterial colonies 
appear. These bacteria may invade the cells and in cases become so numerous 
that the cytoplasm is filled with them and the nuclei sometimes destroyed (Fig. 7). 

Stains with Sudan III and Scharlach R of the trachea at various stages of the 
degeneration show practically no fat. In a few cases a small amount of fat was 
present but this type of degeneration is fax from common. 

As the keratinization of the epithelial cells of the glands in the trachea pro¬ 
gresses, the presence of mucus, as shown by special stain, becomes progressively 
less. In the early stages one may find keratinized epithelium in one portion of the 
gland and secreting mucus cells in another. Later, as the keratinized epithelium 
replaces the true glandular epithelium, mucin is found, if at all, in very small 
granules in the center of what remains of the original epithelium. When the glands 
become completely filled with keratinized squamous epithelium mucin is absent. 

Associated with the loss of cilia and the decreased or absent secretion of mucin 
one would expect an invasion of the mucosa with bacteria. Organisms are found 
not only on the surface of the epithelium and between the epithelial cells but also 
in the glands of the tunica propria, in the tunica propria itself, and even in the sub¬ 
mucosa. The degenerating cells of the epithelium soon become invaded by 
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bacteria and leucocytes may make their appearance. As the disease progresses 
bacteria and signs of inflammation become less marked. However, signs of 
bacterial infection are not always present, and in the fowl we feel that the keratini- 
zation of the epithelium is not related to the bacterial infection. In the rat, Tyson 
and Smith (5) came to the opposite conclusion. 

In nearly all cases, a more or less marked cell infiltration in the tunica propria, 
partly around the numerous vessels, partly in a more diffuse distribution, is found 
(Figs. 5 and 6). According to the results of control investigations, the occurrence 
of lymphoid tissue in the tunica propria of the trachea is a normal finding, but in 
cases of A-avitaminosis its collection is so massive that there is no doubt of its 
pathological significance. The greater part of these infiltration cells are lympho¬ 
cytes, to which are added typical histiocytes and a few plasma cells. In most 
cases some eosinophile leucocytes, red blood corpuscles and occasionally neutrophile 
leucocytes have also been found. In some early stages with extreme degeneration 
and proliferation of the original epithelium and a distinct edematous condition 
of the underlying propria, the occurrence of peculiar large cells, a type of histo- 
genous mast cells, has been observed, especially in the upper layers. They are 
elongated or oval with a longish-oval nucleus which is rich in chromatin and some¬ 
times shows a typical wheel form. Using Giemsa’s stain, very small blue or blue- 
violet granules can be found in their cytoplasm. In general one has the impression 
that the upper layers of the tunica propria, situated directly beneath the epithelium 
of the surface, and the neighborhood of the glands are occupied more densely with 
these infiltrating cells than its deeper parts. Sometimes the reverse is true; in 
fact, the degree of the infiltration varies greatly in different cases. Mitoses are 
very seldom recognizable in these cells. Moreover, lesions may also be found in 
the endothelial cells of the infiltrated vessels, the lumina of which are frequently 
filled with lymphocytes. There is more or less swelling of these cells and a change 
in the chromatin structure of their nuclei. In some preparations the elastic fibers 
seem to be thickened and more separated. Usually these lesions are associated 
with edema. In the remaining parts of the trachea no particular changes could be 
discovered. 

The same complex of lesions described in the trachea is also present in the 
bronchi and bronchioli. They are sometimes filled with desquamated keratinized 
epithelium, so that bronchiectasis is the natural sequence. 

Nasal Cavities and Communicating Sinuses .—The lesions of the 
nasal passages and their sinuses have been studied on cross sections 
cut perpendicular to the roof of the mouth at several points between 
the nostrils and the posterior limit of the nasal cavity or bulb of the 
eye. The evolution, course, and final stage of the process are exactly 
the same as previously described in the trachea (Figs. 8, 9, and 10). 
It may be pointed out that in general all parts of the nasal cavities are 
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involved and that only some chronological differences in the involve¬ 
ment of the several regions can be observed. In the gland-free part 
of the nasal vestibule, regio vestibularis, lesions have been determined 
in all cases, not so much in the form of a real keratinization but rather 
of an increased proliferation of the superficial epithelial cells. 

Typical and distinct lesions, as described in the trachea, are found in the 
respiratory mucous membrane of the roof of the nasal vestibule and especially in 
the median and dorsal area of the part known as the concha of the vestibule. One 
obtains the impression that the entire process in this and other parts of the nasal 
cavities (olfactory portion, respiratory portion) (Figs. 8, 9, and 10) begins in the 
mucous membrane epithelium and that the epithelium of the glands becomes in¬ 
volved a little later. 

In addition to numerous keratohyalin corpuscles in the cells of the superficial 
layers of the newly formed squamous stratified epithelium and the appearance of 
eleidin (Pasini’s method), the following lesions in the nuclei of the keratinizing 
cells have been encountered in the nasal cavities:—As a rule it has been observed, 
even in the deeper layers, that marked alterations of the nuclei are coexistent with 
the formation and appearance of keratohyalin granules in the cytoplasm. There is 
especially a marked fragmentation and extrusion of nuclear material (nucleoli) 
and furthermore a relative increase in the volume of the cytoplasm as compared 
with nucleus (Fig. It). According to the investigations of Ludford (8), the same 
lesions may take place in the skin under normal conditions, while in a hyper¬ 
trophied epidermis, under pathological conditions, these nucleolar changes are still 
more marked. It seems very probable, therefore, that the nuclear substances 
and particularly the nucleoli are connected in some way with the process of kera¬ 
tinization and the formation of keratohyalin granules. In addition the nucleoli 
after extrusion from the nuclei not infrequently change their staining properties. 
When stained by Hammerschmidt’s method they resemble Guarnieri’s inclusion 
bodies. Moreover, the nuclei of these cells from which the nucleoli have been 
extruded have the characteristic shape of nuclei in cells containing Guarnieri’s 
bodies. It is worthy of note that in the pathological keratinization associated with 
chicken-pox Eberbeck (9) found the same type of lesion. 

The sinuses communicating with the nasal cavity show essentially 
the same lesions as in the epithelium of the nose and trachea. These 
lesions are modified depending upon the anatomical structure of the 
cavity itself. In the paranasal sinuses the mucous membrane is 
thinner and contains only a few glands on the median wall, contrary to 
the opinon of Bittner (10). Keratinization occurs in the nasolacrimal 
duct and in the excretory duct of the lateral nasal gland, glandula 
lateralis nasi. The lateral nasal gland itself is only slightly involved. 
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the main lesion being in the ducts and collecting space while the acini 
themselves appear normal. 

Bacterial invasion of the degeneratii g epithelium occurs in the nose 
just as it does in the trachea (Fig. 12). It is, however, more marked 
and the nasal cavity and fossa may become filled with degenerated 
cells and purulent exudate. The tunica propria becomes involved and 
in addition to the infiltrating cells one may find a slight edema and a 
swelling of the endothelial cells of the blood vessels. 

Relation of A-Avitaminosis to Some Infectious Diseases of the Upper 

Respiratory Tract 

The great variability of the clinical symptoms and pathological 
lesions in A-avitaminosis of the respiratory tract may make it difficult 
to differentiate this condition from coryza contagiosa, virus-diphtheria, 
and infectious tracheo-bronchitis. In the presence of a simple nasal 
discharge and a discharge from the cleft palate, with involvement of 
the sinuses, and in the absence of t)T)ical pustule-like lesions in the 
mouth and esophagus, there is a close resemblance to coryza contagiosa 
as well as to a certain stage of virus-diphtheria (Riedmiiller (11)). 
Recent observations have shown that in such cases, from the clinical, 
gross anatomical, and even etiological aspect, a differentiation is quite 
impossible. Furthermore in later stages, after the sinuses and the 
eyes have become involved and when lesions are present in the cavity 
of the mouth (12), the A-avitaminosis frequently is almost indistin¬ 
guishable from the commonly occurring roup and virus-diphtheria. 
The white color of the caseous masses associated with A-avitaminosis 
is usually considered to be valuable for the differentiation from the 
more yellowish products in roup and virus-diphtheria; yet these differ¬ 
ences, according to our experience, are by no means distinct enough. 
Finally, in the absence of typical lesions in other organs, diflSculties 
may arise in distinguishing the disease from infectious tracheo¬ 
bronchitis which in certain stages shows a very similar picture in the 
larynx, trachea, and bronchi. 

It will be the object of further investigations to discover possible 
relations between A-avitaminosis and the development of these infec¬ 
tious diseases of the upper respiratory tract. In this problem, as well 
as for the purposes of differential diagnosis, the most important matter 
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is a positive recognition of a present lack of vitamin A. The histo¬ 
logical lesions which occur in the respiratory tract and throughout 
the body even in early conditions, taken in connection with the more 
recent investigations of Wolbach and Howe (5), Goldblatt and 
Benischek (3), and Tyson and Smith (4), who were able to produce 
similar lesions in rats and guinea pigs by feeding a diet lacking vitamin 
A, seem definitely to prove the specificity of these lesions. It may be 
added that in cases of so-called “coryza contagiosa” without a lack of 
vitamin A quite different lesions have been found. 

Only by means of the histological examination is it possible to 
differentiate the A-avitaminosis from the above mentioned infectious 
diseases of the respiratory tract. 

SUMMARY AND CONCLUSIONS 

1. The principal tissue changes in the respiratory tract of chickens 
caused by a vitamin A deficiency in the food are, first, an atrophy and 
degeneration of the lining mucous membrane epithelium as well as of 
the epithelium of the mucous membrane glands. This process is 
followed or accompanied by a replacement or substitution of the 
degenerating original epithelium of these parts by a squamous strati¬ 
fied keratinizing epithelium. This newly formed epithelium develops 
from the primitive columnar epithelium and divides and grows very 
rapidly. The process appears to be one of substitution rather than a 
metaplasia, and resembles the normal keratinization of the skin or 
even more closely the incomplete keratinization of the mucous mem¬ 
branes (e.g., the esophagus or certain parts of the tongue of chickens). 
In this connection findings have been described which not only afford 
an interesting insight into the complicated mechanism of keratiniza¬ 
tion, but also show probable relations between keratinization and the 
development of Guarnieri’s inclusion bodies. Balloon and reticular 
degeneration of the upper layers of the new stratified epithelium has 
been frequently observed. All parts of the respiratory tract are about 
equally involved in the process; and the olfactory region as well, so 
that the sense of smell may be lost. The lesions, which first take place 
on the surface epithelium and then in the glands, show only minor 
differences. 

2. The protective mechanism inherent in the mucous membranes of 
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the entire respiratory tract is seriously damaged or even entirely 
destroyed by the degeneration of the ciliated cells at the surface and 
the lack of secretion with bactericidal properties. Secondary infec¬ 
tions are frequently found, and nasal discharge anc^ 'various kinds of 
inflammatory processes are common, including purulent lies, espe¬ 
cially in the upper respiratory tract, communicating sinuses, eyes and 
trachea. The development of the characteristic histological process 
is not dependent upon the presence of these infections, since it also 
takes place in the absence of infection. 

3. The specific histological lesions make it possible to differentiate 
between A-avitaminosis and some infectious diseases of the respiratory 
tract. 

These studies we hope will serve as a basis for further investigations 
on the relationship between A-avitaminosis and infection in general. 
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EXPLANATION OF PLATES 
Plate 21 

Fig. 1. Sagittal section through the head of Chicken 7 with A-avitaminosis. 
Masses of purulent exudate in the nasal passages. (Dead after 82 days on experi¬ 
mental diet.) 
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Fig. 2. Cross section through the head of Chicken 13 with A-avitaminosis 
(spontaneous case). White caseous masses between left concha inferior and nasal 
septum and in the corresfK)nding sinuses. 

Fig. 3. Trachea of Chicken 6 with A-avitaminosis. Thin membranes, partly 
in the form of a tube, consisting of desquamated epithelium. (Dead after 87 days 
on experimental diet.) 

Fig. 4. Trachea, cross section (84.5 X). Chicken 1. Beginning stage. De¬ 
generation of the surface epithelium and separation from its underlying support. 
On the left side formation of a new stratified epithelium in a small focus. (Killed 
after 30 days on experimental diet.) 

Fig. 5. Trachea, cross section (50 X). Chicken 8. Complete replacement of 
the epithelium of the respiratory mucosa and its glands by a stratified keratinizing 
epithelium. Infiltration of the submucosa. (Dead after 80 days on experimental 
diet.) 

Plate 22 

Fig. 6. Same as Fig. 5 (80 x). 

Fig. 7. Cross section through trachea (990 x). Chicken 1. Newly formed 
stratified epithelium. At the su. *face several cells showing balloon degeneration. 
Foci of bacteria between the degenerating cells. (Dead after 30 days on experi¬ 
mental diet.) 

Fig. 8. Nasal septum (50 X). Chicken 6. Complete replacement of the sur¬ 
face epithelium by stratified keratinized epithelium. Desquamation of the super¬ 
ficial layers. The glands show an earlier stage of the process, atrophy of the 
original epithelium. Slight infiltration of the submucosa. (Dead after 87 days 
on experimental diet.) 

Fig. 9. Olfactory region (85 X). Chicken 6. Advanced keratinization and 
desquamation of the replacing epithelium at the surface of the mucous membrane. 
The epithelium of Bowman’s glands shows only the typical atrophy. Masses of 
exudate and desquamated epithelium. (Dead after 87 days on experimental diet.) 

Plate 23 

Fig. 10. Respiratory and olfactory mucous membrane of the nasal fossa (55 X). 
Chicken 5. Complete replacement by stratified keratinizing epithelium. The 
glands show an earlier stage of the process. (Dead after 85 days on experimental 
diet.) 

Fig. 11. Nasal passages. Chicken 6. Cells of the superficial layers of the 
newly formed keratinizing epithelium, showing the extrusion of nuclear material 
into the cytoplasm (a), granules of keratohyalin (b), masses of eleidin (c), and inter¬ 
cellular bridges (d). 

Fig. 12. Gland of the nasal mucous membrane (1140 x). Chicken 5. Show¬ 
ing numerous bacteria in an early stage of the process. (Dead after 85 days on 
experimental diet.) 
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STUDIES ON A-AVITAMINOSIS IN CHICKENS 

II. Lesions of the Upper Alimentary Tract and Their Relation 
TO Some Infectious Diseases 
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{From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research, Princeton, N, J.) 

Plates 24 and 25 

(Received for publication, June 19,1930) 

In the previous paper^ of this series the lesions in the respiratory 
tract caused by a lack of vitamin A in the food of chickens was con¬ 
sidered, together with a discussion of the clinical findings and their 
relation to certain infectious diseases. Using the same material and 
methods, it is the purpose now to deal in the same way with the lesions 
of the mouth, palate, esophagus, crop, and their associated glands. 

Gross Pathology 

Because of the close connection between the nasal cavity and the mouth, the 
seromucous discharge in the former overflows regularly through the cleft palate 
and produces a clinical and anatomical picture which cannot be differentiated from 
that found in coryza contagiosa. As secondary invaders appear this exudate be¬ 
comes transformed into white or slightly yellowish caseous masses which may at 
times completely plug the cleft palate. In addition, in the region of these nasal 
plugs and also on the roof of the mouth but seldom in the esophagus, fine thin 
membranes appear which together with the nasal plug produce a picture which 
may be easily confused with that of fowl-pox. In A-avitaminosis, however, these 
membranes may not always be present and when they are they usually arc limited 
to the cleft palate and its adjacent epithelium. They are easily removed leaving 
no bleeding ulceration, thus differing from fowl-pox. 

Early in A-avitaminosis there appear small white or yellowish pustule-like le¬ 
sions, varying from 0.5 to 2 mm. in diameter, in the region of the excretory ducts 
of the glands of the mouth (Text-figs. 1 and 2). When discrete they are round, 
but by confluence they may become longish. They are usually raised above the 
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surface of the mucous membrane and often show a depression in the c< ler (Fig. 
1). Later small ulcers may appear at the site of these lesions and these ulcers may 
be surrounded by inflammatory products. These pustule-like lesions, with or 
without the inflammatory membranes, very closely resemble lesions of fowl-pox, 
and it is with great difficulty, if at all, that a differential diagnosis can be made by 
the macroscopical picture. 

The mucosa of the esophagus and crop also shows pustule-like patches which 
may be even more prominent than those seen in the mouth, probably due to the 



Text-Fig. 1. Roof of mouth. 1: excretory ducts of maxillary gland; 2: 
cleft palate, narrow part; 3: papillae of palate; 4: cleft palate, wide part; 5: 
infundibulum; 6: papillae of throat, a: glandula maxillaris; b: glandula pala- 
tina lateralis; c: glandula palatina medialis; d; glandula spenopterygoida; e: 
glandula tubaria. 

peculiar structure of the glands in these regions (Fig. 1). They may be either 
localized in the upper part of the esophagus and surrounding the pharynx, or they 
may cover the mucous membrane of the esophagus throughout its entire length 
and in cases extend into the posterior part of the crop where the folds of the eso¬ 
phagus are continued. In the main portion of the proventriculus and throughout 
the intestines no gross lesions have been found. The nodules in the esophagus do 
not ulcerate as frequently as those in the mouth cavity, but they show a depressed 
minute opening in the center which corresponds to the excretory duct of the gland. 
In a few instances they are so numerous in the esophagus that when infected a 
type of membrane may be formed. 
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Histology 

As noted above the lesions in the alimentary tract occur mainly in 
the glands. They have been studied in sections made of the roof of 
the mouth after decalcification. 

Glands from the floor of the mouth, and in some instances from the roof, have 
been dissected out and sectioned in their shortest and longest diameters, while the 



Text-Fig. 2. Floor of mouth. 1: tongue; 2: papillae of tongue; 3: base of 
tongue; 4; entrance to larynx; S; bone of tongue; 6: papillae of larynx, a; 
glandula submaxillaris anterior; b: glandula lingualis anterior; c: glandula sub- 
maxiilaris oromedialis; d: glandula linguaUs posterior; e: glandula submaxillaris 
caudolateralis; f: glandula submaxillaris intermedia; g: glandula cricoarytenoidea. 

glands of the tongue, pharynx and esophagus have been sectioned in situ. The 
lesions in the glands are essentially the same as those found in the respiratory 
tract and described in the previous paper. There are, however, some peculiarities 
which probably depend upon the special structure of the glands. As a rule the 
early lesions in these glands are not found in the acini but in the collecting spaces 
and ducts. Lesions may be well marked in the maxillary and submaxillary glands 
before they appear in the nasal passages, sinuses, trachea or bronchi. Fig. 2 shows 
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an early lesion of the submaxillary gland in which there is a marked prohferation 
and degeneration of the originai epithelium. At the same time new stratified 
epithelium appears beneath or in place of the original epithelium. These early 
lesions may not be very characteristic but as the process is advanced typical pic¬ 
tures occur, as shown in Fig. 3 of the maxillary gland where in the collecting space 
is found a focus of squamous stratified keratinizing epithelium. In the acini the 
high mucus-secreting epithelium has begun to degenerate and atrophy and in a few 
instances there has been a replacement by stratified keratinizing cells. These 
changes in the acini have never been as pronounced as in the collecting spaces. 
Fig. 4, a cross section through the glandula lingualis, shows a well marked stage in 
the process with newly formed stratified epithelium and early keratinization. This 
newly formed epithelium may be found in isolated islands or in larger foci beneath 
or in place of the original epithelium lying directly upon the connective tissue. It 
seems probable that this newly formed tissue is favored in its growth by the 
abundant supply of capillaries from the surrounding connective tissue. The col¬ 
lecting spaces become filled with degenerated cells, masses of mucus (Fig. 4), and 
in some cases inflammatory products. This accumulation is undoubtedly in large 
part due to the lesions in the excretory ducts of the glands, as it is here that the 
oldest and most pronounced changes have been found. The epithelium of the 
mucous membrane of the mouth seems to extend into the duct, which is partially 
filled with the new stratified epithelium, and causes a more or less complete block¬ 
ing. As a result the glands become dilated and frequently show evidences of bac¬ 
terial infection, the latter being especially marked in the duct. Since this is an 
early lesion the gland may continue to secrete mucus for a time and this accumu¬ 
lates in the collecting space. Later desquamated cells from the newly formed 
stratified epithelium become numerous and the gland, which originally is a sac 
with invaginations, becomes smoothed out and distended. Finally this distended 
sac becomes completely filled with stratified keratinized epithelial cells, as shown in 
Fig. 5 which gives a picture of the final stage of the process. Such a picture is 
found more frequently in the glands of the tongue, palate and esophagus than in 
the compound glands of the cavity of the mouth. 

The histological picture shows that early infections of the excretory ducts of the 
glands are relatively common. These infections are manifested by necrosis of the 
epithelial lining of the duct and of the surrounding mucous membrane, cellular 
infiltrations, and the presence of numerous bacteria (Figs. 6 and 7). Oftentimes 
it appears that the lumen of the duct is blocked, thus resulting in an accumulation 
of inflammatory products in the gland itself. At times the inflammatory process 
spreads from the mouth of the duct over the surrounding mucous membrane of the 
mouth (Fig. 8) or tongue, and more rarely over the mucous membrane of the 
esophagus. 

In the submucosa signs of infection such as perivascular and diffuse infiltra¬ 
tions are frequently seen. In some sections through the tongue such infiltrations 
have been found even in the deeper layers of the muscularis, and in the ventral 
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portion of the vomer these lesions are particularly pronounced. In the esophagus 
and crop and sometimes in the proventriculus, the lesions in the glands are the 
same as those described in the mouth cavity but secondary bacterial infections are 
not as pronounced. 

As pointed out above, the macroscopical lesions in the mouth may 
closely resemble lesions of fowl-pox. The histological difference be¬ 
tween these two is quite striking and there is no difficulty in separating 
them from sections, but what part the process plays in the develop¬ 
ment of fowl-pox and other infections by breaking down the resistance 
of the mucous membranes is a problem that is well worth further 
consideration. 


SUMMARY AND CONCLUSIONS 

When fowls are placed on a diet lacking in vitamin A lesions appear 
in the upper alimentary tract which are confined largely to the mucous 
glands and their ducts. Histologically it is shown that the original 
epithelium becomes replaced by a stratified squamous keratinizing 
epithelium and that secondary infections arc relatively common. 
The ducts of the glands may be blocked leading to distention with se¬ 
cretions and necrotic materials. These lesions macroscopically re¬ 
semble very closely certain stages of fowl-pox and the two conditions 
can be separated only by histological examination. It is pointed out 
that these lesions produced by a lack of vitamin A may enable bac¬ 
teria and other viruses to enter the body. 

EXPLANATION OF PLATES 
I’LATE 24 

Fig. 1. Fustule-like patches at the roof of the mouth, the base of the tongue and 
the mucous membrane of the esophagus. (Chicken 7, dead after 82 days on ex¬ 
perimental diet.) 

Fig. 2. Longitudinal section through the glandula submaxillaris of Chicken 11. 
X 55. Proliferation of the original epithelium lining the collecting space; first 
stage of process. Hematoxylin-eosin. (Killed after 56 days on experimental 
diet.) 

Fig. 3. Cross section through the maxillary gland of Chicken 1. X 110. 
Small foci of stratified keratinizing epithelium in the collecting space;degeneration 
of the epithelium in the acini. Hematoxylin-eosin. (Killed after 30 days on 
experimental diet.) 
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Fig. 4. Cross section through the base of the tongue (glandula lingualis) of 
Chicken 9. X 80. Shows a more advanced stage of the process. The cells, 
which are to replace the original epithelium, form a continuous vascularized syncy¬ 
tium, lying directly upon the surrounding connective tissue. Beginning kera- 
tinization, desquamation and degeneration of the upper layers of the newly formed 
epithelium. Hematoxylin-eosin. (Dead after 75 days on experimental diet.) 

Plate 25 

Fig. 5. Cross section through the base of tongue (glandula lingualis) of Chicken 
6. X 50. h'inal stage of the entire process. The glands are completely filled 
with stratified, more or less keratinized, homogeneous masses. Extreme dilata¬ 
tion of the glands, van Gieson stain. (Dead after 87 days on experimental 
diet). 

Fig. 6. Excretory duct of the glandula palatina mcdialis of Chicken 5. X 
50. Bacterial infection followed by necrosis of the duct and its surroundings; 
accumulation of necrotic masses, mucus, inflammatory products and numerous 
bacteria. Giemsa stain. (Dead after 85 days on experimental diet.) 

Fig. 7. Excretory duct of the lateral glandula palatina of Chicken 7. X 875. 
Invasion with numerous bacteria. Methylene blue stain. (Dead after 82 days 
on experimental diet.) 

Fig. 8. Cross section through roof of mouth (glandula maxillaris) of Chicken 7. 
X 75. Thick membrane covering the mucous membrane, developing after second¬ 
ary infection of the excretory ducts. Ilematoxylin-eosin. (Dead after 82 days 
on experimental diet.) 











(Scifried. A-avitaminosis in chickens. II) 



[Reprinted from The Journal of General Physiology, September 20,1930, 
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THE ARGININE AND PREARGININE GROUPS IN 
EDESTIN 

By henry S. SIMMS 

(From the Department of Animal Pathology of The Rockefeller Institute for Medical 
Research^ Princeton^ N, /.) 

(Accepted for publication, June 22, 1930) 

I 

INTRODUCTION 

Evidence was given in 1928* to show that the combination of strong 
acid or alkali with a protein is produced by forming salts with the 
“extra groups” of those trivalent amino acids which can be isolated 
from the protein (namely, aspartic acid, glutamic acid, tyrosine, his¬ 
tidine, lysine, and arginine). The “titration curve” of a protein 
corresponds approximately to the amounts of these various groups, 
each with its typical titration index.* 

Arginine, however, formed a marked exception. It appeared to 
contribute to the titration curve in much smaller amount than is 
found on hydrolysis. On the other hand, a group of unknown origin 
having a titration index of pH 4.6 was present in amounts equal to the 
deficiency in arginine. 

The name prearginine was given to this group on the assumption 
that it is a chemical group which ionizes at pH 4.6 in proteins but 
yields arginine on hydrolysis of the protein. 

It has subsequently developed that the index 8.1 assumed for the 
“extra group” of arginine was incorrect (being based on data obtained 

* Simms, H. S., /. Gm, Physiol,, 1928,11,629; 1928, 12,231. 

* A “dissociation index*’ is: pK' - —log K' where K' is the apparent dissocia¬ 
tion constant of a weak electrolyte (referred to the hydrogen ion). The dissocia¬ 
tion index represents the pH value at which the group is half ionized. 

The “titration indices” (pG') determine the titration curve and cannot be 
correctly called “dissociation indices” although there is little numerical differ¬ 
ence between the titration constants (G') and the dissociation constants (K'). 
The use of these two sets of constants and indices is confusing but unavoidable. 
See Simms, H. S., /. Am- Chem, Soc.^ 1926, 48, 1239. 
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Fig. 1. Titration curve of edestin. The solid symbols represent data from clear 
solutions; the open symbols, from cloudy solutions. The heavy dash line is 
drawn to fit the data in acid solution of Hitchcock and of Kodama. 

Curve A is calculated from the amino acids found on hydrolysis. 

Curve B (which branches off from C) represents the way edestin would ionize 
if it had the above groups (found on hydrolysis), but in addition had an extra 
group at pH 3.8. 

Curve C corresponds with the data in Column 5 of Table I. 

from impure material). Schmidt* has obtained the value pK'i = 12.5 
which agrees with that of Hunter and Borsook (pK'j = 13.85 at 18®C.). 

* Schmidt, L. A., Kirk, P. L., and Appleman, W. K., /. Biol, Chem., 1930, 88, 
285. 
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We have repeated our titration of arginine and corroborate the value 
of Schmidt. 

In order to determine whether this would alter the above theory it 
was necessary to obtain more accurate data than were available, on a 
protein in very alkaline solution. Edestin was again chosen due to its 
high content in arginine. 

II 

RESULTS 

A number of experiments were performed with edestin in solutions 
up to 14 per cent and at pH values up to 13.5. A method was adopted 
which as far as possible caused the unavoidable errors to cancel out. 
The data arc given in Fig. 1 (and Table II). 

An analysis of these data is given in Table I. 


TABLE I 


(1) 

(2) 

(3) 

(4) 1 

(5) 

(6) 

Type 

Groups 

Indices in edestin 

Equivalents per 1000 gm. 

On 

hydrolysis 

Titration 
data 1 

DiHcrcncc 


Dicarboxylic acids 

I! 

to 

0.72 ' 

0.55 

-0.14 

Acidic 

Tyrosine 

pC,' = 9.0 

.25 

.15 

-.10 


Sum 


0.97 

0.70 



Prearginine 

pG/ =3.8 

0 

0.53 

-fO.53 


Histidine 

pG,'= 5.1 

0.25 

.25 

0 

Basic 

Lysine 

p(V =10.3 

.25 

.25 

0 


Arginine 

pG,' = 12.0 

.90 

.25 

-0.65 


Sum 


1.40 

1.28 


Sum of prearginine plus arginine 


0.90 

0.78 



Values in Column 4 are those listed by Mitchell and Hamilton/ except for his¬ 
tidine and lysine in which case the values of Van Slyke® are taken. The figure for 
dicarboxylic acids represents aspartic acid (0.76) plus glutamic acid (1.31) minus 
ammonia (1.35) and represents the carboxyl groups not bound by ammonia. 


^ Mitchell and Hamilton, The Biochemistry of the Amino Acids, Chem. Cat. 
Co., 1929,191. 
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If edestin contained the free groups found on hydrolysis (Table I, 
Column 4) it would have a titration curve represented by Curve A in 
Fig. 1. This is obviously not the case. 

If edestin had approximately the above free groups, and m addition 3. 
group with an index at pH 3.8, in proper ainount, the titration curve 
would be that found experimentally up to pH 10.5; but above that it 
would have Curve B, This is also not the case. 

The experimental data agree well with Curve C which corresponds to 
the values in Column 5 of Table I. This supports the theory that the 
basic group in proteins having a titration index at pH 3.8 to 4.6 (de¬ 
pending on the protein) is due to a group which yields arginine on 
hydrolysis and may be properly called prearginine. 

Ill 

EXPERIMENTAL 

The two experiments, recorded in Tables II and III, were performed 
in water-jacketed hydrogen electrode cells® with a saturated KCl liquid 
junction. A separate solution was made up, from the mother solution, 
for each determination. The cells were standardized against 0.100 M 
HCl (pH 1.075). 

The four experiments in Tables IV to VII were performed with con¬ 
siderably higher concentrations of edestin (as high as 14 per cent) and 
it was necessary to use a titrating electrode with agar-KCl junction. 
In each experiment all the readings were taken on a single solution 
to which molar NaOH (or HCl) was added with a weighing burette. 

Owing to the large correction for hydroxyl ion concentration to be 
made above pH 13, it was not found satisfactory to standardize the 
electrodes against HCL Hence the electrodes were standardized 
against 0.05 m NaOH before (and sometimes after) each experiment. 
In Fig. 2 are the values of pH — log oh for NaOH’ as determined with 
the water-jacketed (liquid junction) cells. By using this chart as a 
standard of pH — log oh in correcting the edestin data, any errors due 
to the standard cell, the sodium hydroxide solution or the condition 

^ 

of the electrodes, would be eliminated in the calculation of- 

c 

® Simms, H. S., J. Am. Chem. Soc., 1923,45,2503. 
oh represents hydroxyl ion concentration in moles per liter. The value of 
pH — log oh is equal to pKw + log /oh where /oh is the activity coefficient of 
the hydroxyl ion (namely ,/oh X oh ^ OH = hydroxyl ion activity). 
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This method does assume, however, that solutions of the same ionic 
strength have the same liquid function potential and dielectric con¬ 
stant, The ionic strength of the protein solutions will be discussed 
below. 



Fig, 2. Data of the titratiofi of NaOH. Assuming complete dissociation, the 
concentration of hydroxyl ion {oh) is taken equal to the molarity of NaOH.^ 


IV 

Calculations 

A. Equivalents of Combined Base 

The data in Tables II to VII were calculated as follows: 

(1) The volumes of strong base (Fb) or strong acid (Vf) were 
calculated from the weight of the standard molar solutions, using the 
density at 25°C, 

(2) The volume of solution (F) was taken as the sum of the volumes 
of water plus strong base (plus strong acid when present) and repre¬ 
sents protein-free volume. 
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(3) The number of millimoles of strong base minus a( 1 is: 

1000 (5 - il) - 1000 (Vb - ' (1) 


where ikf, and arc the moles per liter in the 
solutions. 

(4) The number of millimoles per liter is: 

. 1000 (B - A) 


)ase and acid 


( 2 ) 


(5) The concentration in moles per liter of a substance < molecular 
weight ilf is: 


e 


1000 w 

M V 


(3) 


where W is the weight. But in dealing with a protein or any other 
substance of uncertain molecular weight it is more convenient to sub¬ 
stitute 1000 for the molecular weight (giving us a final value of equiv¬ 
alents per 1000 gm., or milli-equivalents per gram): 

o'--gm. per ml.-— (3.) 


(6) The number of equivalents of strong base minus add is: 

h- a M(B--A) . 

-“ - m -equivalents added per mole 


(4) 


Or, for a protein: 


h -- a 


e 


1000 {B - A) 
W 


equivalents added per 1000 gm. 


(4a) 


(7) The ionic strength (fi) was calculated as explained below and 
used with the curve in Fig. 2 to obtain the value of pH — log oh. The 
experimental pH value was subtracted from this and the value of 
^ 

—-— was calculated (where h may be neglected in alkaline solutions). 
c 

(8) The “corrected equivalents of base,” or the “combined base,” is: 

^ h oh 

y ■■ —-1-— equivalents combined per mole (5) 
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Or, for a protein: 

i — a , A — oA 

0 « —-1-;— equivalents combined per 1000 gm. (5a) 

c c 


h" « 5' when M « 1000 


B, Calculation of Ionic Strength 

If we take the experimental data for the effect of ionic strength on 
protein ionization and assume a point charge, we can calculate an 
‘‘apparent valence” (v^) which is not much greater than unity.® This 
is because the charges on the ionized groups in a protein molecule are 
so distant from each other that they act almost like separate mono¬ 
valent ions {i,e., separate point charges). The value >^a = 1.8 was 
found in acid solutions of gelatin, and v^ = 2A in alkaline solutions. 

By using the same assumptions (of point charge) we can use this 
apparent valence to calculate the approximate contribution of the 
protein to the ionic strength of its solution. In alkaline solution the 
contribution of the protein and its bound cation will be: 


Mo 


2 ^ 


c' 



1.7 6 -^ e 


while the contribution of the unbound NaOH will be given by the 
hydroxyl ion concentration, hence: 

M - 1.7 6^ c' + + a 


— 1.7 (5 — a — oh) oh a 


■■ 1.7 6 — 0.7 oh — 0.7 

The data of edestin were calculated in this manner and confirmed 
the findings with gelatin that the contribution of protein to the ionic 
strength is even less than that given by this approximation. The 
results in Tables II to VII and Fig. 1 were calculated by assuming 
V* = 1 (f.c., infinitely distant point charges), hence: 

(where the amount of strong base b, being greater than the strong 
acid a, includes all free inorganic salt which may be present). 

* Simms, H. S., J. Gen. Physiol., 1928,11,613. 
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TABLE n 

Titration of edestin in jacketed electrodes with saturated KCl liquid junction 
at 25°C. (pH standard: 0.100 m HCl has pH 1.075). 

Each solution contained 0.025 gm. edestin, plus 0.015 millimole of NaOH, 
plus the indicated volume of 0.0200 M HCl and was made up to 10.0 ml. 
c* - 0.0025 and ti = 0.0015. All the solutions were cloudy. 


Va 

pH 

b — a 
c' 

V 

0.40 

9.848 

0.280 

0.243 

.50 

9.135 

.200 

.193 

.60 

8.181 

.120 

.119 

.70 

7.993 

.040 

.039 


TABLE m 

Titration of edestin in jacketed electrodes with saturated KCl liquid junction 
at 25°C. (pH standard: 0.100 m HCl has pH - 1.075). 

Each solution contained 0.0625 gm. edestin plus 0.0375 millimole of NaOH, 
plus the indicated volume of 0.0200 m HCl and was made up to 10.0 ml. 
c' « 0.00625 and n - 0.00375 in each solution. 


^A 

pH 

b-a 

c' 

6" 

0 

10.886 

0.600 

0.431 

0.25 

10.710 

.520 

.408 

.50 

10.482 

.440 

.374 

.75 

10.208 

.360 

.325 

.87 

10.078 

.320 

.294 

1.00 

9.898 

.280 

.263* 

1.12 

9.396 

.240 

.235* 

1.25 

9.195 

.200 

.196* . 


' Cloudy. 
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TABLE IV 

Titration of edestin in a titrating electrode with agar-KCl bridge at 25°C. 
(pH standard: 0.0494 m NaOH has pH = 12.562). 

4.996 gm. (W) of edestin in an initial non-protein volume of 35.00 ml. containing 
2.420 millimole NaOH. The amount of 0.991 m NaOH is indicated by Vb (deter¬ 
mined by weight; = 1.040 at 25°C.). 



" “K 

M 

pH 

b — a 
c' 

6" 

2.442 

0.1428 

0.069 

11.438 

0.484 

0.457 

2.774 

.1414 

.078 

11.672 

.550 

.503 

2.960 

.1407 

.083 

11.807 

.587 

.523 

3.246 

.1396 

.090 

11.979 

.644 

.547 

3.859 

.1372 

.105 

12.216 

.765 

.591 

4.457 

.1350 

.119 

12.372 

.884 

.627 


TABLE V 

Titration of edestin in a titrating electrode with agar-KCl bridge at 25®C. (pH 
standard: 0.0494 m NaOH has pH = 12.562). 

2.500 gm. (fV) of edestin in an initial non-protein volume of 17.72 ml. contain¬ 
ing 1.708 millimole NaOH. The volume of 0.991 M NaOH is indicated by Kb 
(determined by weight; = 1.040 at 25®C.). 



" -K 

M 

pH 

b — a 
c' 

6" 

1.724 

0.1411 

0.0964 

11.966 

0.683 

0,569 

5.523 

.1161 

.254 

13.040 

2.19 

0.65 

8.619 

.1015 

.346 

13.217 

3.41 

.72 
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TABLE VI 

Titration of edestin in a titrating electrode with agar-KCl bridge at 25®C. (pH 
standard: 0.0494 m NaOH has pH = 12.562). 

2.500 gm. (W^) of edestin in an initial non-protein volume of 18.14 ml. cont«in- 
ing 2.168 millimole NaOH. The volume of 0.991 m NaOH is indicated by Fb (de¬ 
termined by weight; d =- 1.040 at 25°C.). 



i 

V 

#* 1 

pH 

b — a j 
c' 

b" 

2.188 

0.1371 j 

0.109 

12.376 

0.867 

0.615 

4.583 

.1218 

.221 

12.936 

1.817 

.692 


TABLE VII 

Titration of edestin in a titrating electrode with agar-KCl bridge at 25®C. (pH 
standard: 0.0492 M NaOH has pH = 12.560). 

0.600 gm. (W) of edestin in an initial non-protein volume of 30.45 ml. contain¬ 
ing 0.413 millimole NaOH. To this was added 0.991 m HCl in volumes indicated 
by Fa (determined by weight; d ~ 1.016 at 25®C.). 


Va 

, W 

" "F 

ft 

pH 

b-a 

c* 

b" 

0 

0.01971 

0.0136 

11.423 

0.688 

0.518 

0.072 

.01967 

.0159 

11.144 

.570 

.481 

.139 

.01962 

.0180 

10.841 

,458 

.414 

.196 

.01957 

.0198 

10.383 

.365 

.349 

.230 

.01956 

.0209 

10.083 

.308 

.300* 


♦ The last solution was cloudy. The other solutions were clear. 
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V 

SUMMARY 

The author corroborates the data of Schmidt showing that the disso¬ 
ciation index of the third group of arginine is pKs' = 12.5. 

New titration data of edestin have been obtained in very alkaline 
solutions and show that there is a corresponding group with a titra¬ 
tion index of pG' = 12.0, but present in much less quantity than 
can account for the arginine found on hydrolysis. The data support 
the theory that the combination of strong base or strong acid with pro¬ 
teins is produced by the formation of salts with the “extra groups^^ 
of those trivalent amino acids which can be isolated from the protein, 
with the exception of arginine. Arginine contributes to the titration 
curve in much smaller amount than is found on hydrolysis. This de¬ 
ficiency in the arginine group may be accounted for by the basic group 
in proteins having a titration index of pG' = 3.8 to 4.6 (depending 
on the protein), which apparently yields arginine on hydrolysis, and 
may properly be called prearginine. 
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